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INTRODUCTION 

This is the final in a series of reports on Near Threshold Fatigue 
Crack Propagation in Pipeline Steels in High Pressure Environments. 

OBJECTIVES 

The objective of the program was to determine the level of threshold 
stress intensity for fatigue crack growth rate behavior in a high strength low 
alloy (HSLA) X60 pipeline-type steel. Complete results have been generated 
for gaseous hydrogen at ambient pressure, laboratory air at ambient pressure 
and approximately 60% relative humidity as well as vacuum of 6,7 x 10"^ Pa 
(<5 X 10*^ torr) at R-ratios « Nnin/*^ax ^ concurrent 

part of the program was to determine fatigue crack growth rate behavior in 
gaseous hydrogen, methane, and methane plus 10 percent hydrogen at 6.89 MPa 
(1000 psi). 


APPROACH 


Material and Specimen Design 

Material for use in the program was procurred from Kaiser Steel 
Corporation in the form of a 1 m x 1 m x 2 cm (~3 ft x 3 ft x 0.75 inch) thick 
plate. The steel conformed to the requirements of API-5LX-60 high strength 
low alloy steel (HSLA) and had the composition given in Table 1. Fatigue 
crack growth specimens of the design shown in Fig. 1 were machined from the 
plate in the LT direction. Monotonic tension and low cycle fatigue specimens 
of the design shown in Fig. 2 were also machined from the plate in both the 
longitudinal and transverse directions. Metallography of samples of the plate 
revealed a fine, equiaxed grain structure '♦10 urn in diameter with "banded" 
ferrite. 


1 

C/3620A/CD 



SC5230.17FR 


Experimental Procedure 

In order to monitor crack growth rates at near threshold stress 
intensity levels (operationally defined as the stress intensity level at a 
growth rate of mm/cycle (4 x io-7 in/cycle), a D.C. electrical potential 
system was constructed. Such a crack monitoriiig system involves a very stable 
O.C. power supply, current leads mounted to the front face of the fatigue 
crack propagation (FCP) samples, a set of voltage probes matching the test 
material composition and a high gain amplifier/digital nanovoltmeter. With 
such a crack monitoring technique, accuracies of at least 0.1 nm (0.004 inches 
on absolute crack length are attainable. 

To perform the threshold stress intensity level tests, the fatigue 
crack propagation (FCP) specimens were electrically insulated from the clevis- 
type gripping system with a set of 6-6 nylon washers and the current leads 
were securely screwed in place. Voltage leads were secured a priori to the 
front face of the FCP specimens by spot welding. All testing, including 
monotonic tension and strain-controlled fatigue tests, was performed in a 
140 MPa (20 kip) electrohydraullc closed loop test machine. The test 
procedure for determining the threshold stress intensity levels was in 
conformance with ASTM E647-78T. 

Special precautions were taken to establish the environments in the 
case of the vacuum and hydrogen FCP-threshold tests. In the case of the 
vacuum tests, the test chamber, shown in Fig. 3, was first evacuated with a 
mechanical roughing pump and back-flushed with ultra-pure argon gas. This 
procedure was repeated three times. The chamber was then mechanically pumped 
and diffusion pumped for at least twenty four hours to establish the test 
vacuum of 1.33 x lO"^ Pa (<1Q-^ torr), typically 4 x lQ-5 Pa (3 x io-7 torn) 
as we.l as equilibration of the electrical potential crack monitoring system. 

In the case of the hydrogen environment, he same pump/ purge with 
ultra-pure argon procedure was performed. The test chamber, while being 
pumped with the mechanical pump, was filled with ultrapure gaseous hydrogen 
that was first filtered through an oil /water filter, an oxygen filter and an 
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LN 2 cold trap. This procedure was repeated at least three times to establish 
the test environment for all hydrogen tests. 

RESULTS 


Ambient Pressure Tests 

Monotonic Tension and Low Cycle Fatigue 

The monotonic and cyclic stress/straIn curves for this steel are 
shown in Fig. 4. Note that the curves are presented for the longitudinal 
specimens because no significant difference was apparent from the transverse 
specimen monotonic results. The cyclic stress/strain curve shown in Fig. 4 
was obtained from companion specimen, constant strain amplitude fatigue tests, 
the results of which are given in Table 2. All monotonic tension and fatigue 
tests were conducted In a laboratory air environment. It Is apparent that 
cyclic strain softening* occurs at strains less than approximately 0.0045 
while cyclic strain hardening occurs at greater strains. 

The strain-life fatigue curves obtained from the companion specimen 
tests are shown in Figs. 5 and 6, respectively, for the longitudinal and 
transverse rolling directions. Table 3 gives both the monotonic material 
property data as well as the fatigue property data obtained from these 
tests. 


For comparison to the present results, Table 4 and Fig. 7 show 
similar data as well as cyclic and strain-life curves for another high 
strength low alloy (HSLA) steel of approximately comparable hardness. For all 
practical purposes, the X60 pipeline steel behaves as anticipated and is not 
unlike similar HSLA steels of comparable hardness. 


»Vhe stress required to enforce the strain 
response. 


is less compared to the monotonic 
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Threshold itress Intensity Levels 

Table 5 gives the results of threshold stress intensity ranges, 
for X60 pipeline-type steel in vacuum 4 x lO'^ Pa (3 x 10"^ torr), air 
(1 X io~5 Pa) and gaseous hydrogen (I x lO"^ Pa) for R-ratios of 0.1, 0.5 and 
0.8. Complete plots of da/dN vs oK are shown 1>n the Appendix as are complete 
tabular results of each test. For convenience, tabs with test environment and 
R-ratio are provi ded. 

Figure 8 shows a plot of threshold stress intensity range, 

R-ratio » ISnin/Nnax results, including three generated at M.I.T. 

as companion tests.* Note that at low R-ratios there is an obvious decrease 
in from vacuum to air to hydrogen. At intermediate R-ratios (approxi- 
mately 0.5) there is a decrease in from vacuum to air and hydrogen. Far 
practical purposes, the hydrogen and air results are the same. Finally note, 
at high R-ratios (0.8) that there is again a decrease in in air and 
hydrogen as compared with vacuum but as at R » 0.5 the air and hydrogen 
threshold stress intensity range are essentially the same. 

al^th 

A replot of these data as » TTIT R-f*atio is shown in 

Fig. 9. Table 6 gives the values of Kth,max various R-ratios in the 

three environments. Note that It^h.max '“®™ains constant as the R-ratio 
increases to approximately 0.5. Above R » 0.5, increases abruptly 

approaching in the limit » ’^critical* trends for this moderately 

low strength steel are consistent with previously published results and are 
explained in the Discussion section as follows. 


•Prof. R. 0. Ritchie, Mass. Inst. Tech., Dept, of Material Science, acted as 
consultant on this project, S, Surest supplied the test results. Both are 
presently with University of California, Dept, of Material Science, Berkeley, 
Cali f. 
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High Pressure Tests 


Three threshold tests were performed by Rocketdyne Division at the 
Santa Susana Field Laboratory. The first test was performed to check test 
equipment. Both the potential drop measurement system and the high pressure 
chamber performed with no apparent problems. The second test was performed at 
R » 0,1 in 6.89 MPa (1000 psi ) hydrogen. Analysis of results from this test 
gave an unexpectedly high threshold value approximately 1.3 times greater than 
the value In an air environment. Close examination of the system revealed 


that the high pressure, teflon sliding seals on the hydraulic actuator pro- 
duced a frictional force in excess of 140 kg (3000 lbs). As a result, fn c- 
tional forces were greater than specimen loads particularly near threshold 
levels. Further examination showed that the frictional loads also varied with 
time as well as in a non-repeatable fashion from seal' to seal. Several 
different seal materials were installed in order to rectify the problem of 
seal extrusion at the relatively high test frequencies (i.e.. 30 Hz). Even 
seals made of Vespel . a graphite impregnated polyimide that exhibited plastic 
set. exerted an unpredictable frictional load that varied with time. A final 
attempt was made tu replace sliding pressure seals with high pressure 
bellows. Many manufacturers were contacted and bellows were ordered with 
Corporate funds. A third tests was performed in the interim period to ascer- 
tain if the test results could be adjusted as a function of time varying 
frictional forces. Loads were adjusted as a function of time on a test at 
R « 0.1 in 6.89 MPa (1000 psi) hydrogen. As the test progressed, the friction 
loads aecreased in addition to the intentional decrease in machine loads. The 
decrease in frictional loads (i.e., an increase in specimen loads) offset the 
decrease in machine loads and the crack growth rate remained steady. A plot 
of crack growth rate versus stress intensity range is shown in Fig. 10. At 
low values of aK, the growth rate in hydrogen deviates from expected threshold 
type behavior due to the decreased frictional loads. If. however, the curve 
is extrapolated (dashed line in figure) to ^ower growth rates the hypothetical 
threshold stress intensity range is 2 MPa /m (5.5 ksi /TIT). This value is 
approximately that expected in a valid high pressure hydrogen test. Although 
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this procedure allows one to surmise a "reasonable" threshold stress Intensity 

range, it is not the recommended procedure because of the potential for laroe 
errors. 

Ail Mgh pressure sliem, seals were eventually replaces with bellows 
ana the test system was cbeckeP. This, however. occurreO long after contract 
funas -«re exhaustea. The system has beeh employee subsequently with success 

for threshola testing of turbine material uses In the Space Shuttle «ain 
Engi ne. 


DISCUSSION 


From the results presented, Fig. 8 , it is apparent that at mid and 
high R-ratios (i.e., 0.5 and 0.8), where plasticity-induced crack closure and 
fretting oxidation mechanisms are essentially absent, there is little differ- 
ences between the values of threshold stress intensity range, AK^h. for X60 
pipeline steel determined in ambient air and gaseous hydrogen. Conversely, at 
low R-ratios (i.e., R - o.l), where closure and fretting oxidation are preva- 
lent, the threshold stress intensity range in ambient humidity air is greater 
than that forgaseous hydrogen. At all R-ratios. both the air and hydrogen 

threshold stress intensity ranges are less than those gathered in the vacuum 
envi ronment. 

The present results are compatible with results of Suresh, et al (1) 
for an ASTM A542 Class 2 and 3 (2-1/4 Cr -1 Mo) steel of similar cyclic yield 
strength to the X60. For a bainitic microstructure, they observed at R = 0.05 
that the value of AK^^in dry was 5.2 MPa /iiT (4.7 ksi /HT) compared with 
7.7 MPa /m (7.0 ksi /in) in moist air, an increase of 32%. Also similar to 
the present results. Suresh. et al . found that at R » 0.75 the value of aK,k 
in moist air was 3.2 MPa /m (2.9 ksi /in) and 3.3 MPa /m (30 ksi /TTT) in dry 
H 2 * Thus, there is a marked acceleration of near-threshold growth rates in H, 
environments at low R-ratios while at high R-ratios 83 appears to have little 
influence on crack growth rates in comparison with air environment results 
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Figure 11 shows results of yet additional tests on SA516 70 pipeline steel 
(2). Note In this figure that at low R-ratlos and high R-ratios, the behavior 
of this high strength low alloy steel is exactly the same as the present X60 
pipeline steel results. 

In the study by Suresh, et al,, results were also shown for a norma- 
lized bai n1 ti c/ferri ti c, 2-l/4Cr-lMo steel with a yield strength of 769 MPa 
(112 ksi ) fatigued in a dry helium atmosphere. Threshold stress intensity 
ranges at R = 0.05 were 7.1 MPa /m (6.5 ksi /In) for the moist air environment 
and 4.9 MPa /m (4.5 ksi /in) in the dry helium environment, a decrease of 
31%. However, at an R-ratio of 0.75, the threshold stress intensity range was 
2.8 MPa /m (2.5 ksi /TrT) and 2.7 MPa /m (2.5 ksi /T7T) in moist air and dry 
helium, respectively. This is precisely the same trend in behavior exhibited 
in laboratory air and dry hydrogen . Conventional hydrogen embrittlement 
effects would therefore appear minimal in comparison to other controlling 
mechanisms in lower strength steels. Such behavior appears explainable in 
terms of oxide induced crack closure, a model proposed by Ritchie, et al . (3) 
and Stewart (R4). in "plasticity induced closure," the crack tip of the 
material being fatigued is plastically deformed. Because of the constraint of 
the surrounding elastic material, some closure of crack surfaces can occur at 
positive R-ratios. If the crack remains partially closed the effective stress 
intensity range, aKgff, is reduced by the amount of the closure stress 
intensity, (i.e., ^K^ff = iSnax'^Cl^* R-ratio is increased, 

the crack will remain open for a larger portion of the cycle and the effect of 
plasticity induced closure dimimshes. Similarly, in an oxidizing atmosphere, 
such closure at low R-ratios can provide a mechanism for enhancement of corro- 
sion devices within the crack due to repeated breaking/compaction of the 
oxide. At high R-ratios such fretting/oxidation mechanisms are absent. As a 
consequence, at the low R-ratios the excess debris formed will further reduce 
the threshold stress intensity range because of an "earlier" contact between 
the cracked surfaces (i.e., increases thereby reducing aKg^f). 
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Although each vacuum threshold stress Intensity level is greater than 
that of air at all R-ratios, the vacuum test results of X60 pipeline steel 
indicate a pronounced R-ratio effect (i.e., decreases monotoni cally with 
increase R). This behavior in decreasing with R-ratio is in contrast to 
results observed by Cooke, et al . (R5) for a medium strength, Sy « 1275 MPa 
(185 ksi), £n 24 steel for which aK^j, remained independent of R-ratio. In the 
test by Cooke, et al., fatigue precracking was done in air and tests were 
performed “ in vacuo” at a frequency of 100 Hz, There is mention in their test 
technique that a conventional lotary backing pump, an all diffusion pump and 
an LN 2 cold trap were employed to produce a vacuum of better than 1.33 x 10“'^ Pa 
(10"^ torr). This, they considered, adequate “for removal of agressive envi- 
ronmental constituents.” Perhaps the difference in the two results lies prin- 
cipally in the establishment of “a vacuum." As may be recalled, the present 
results for X60 pipeline steel were generated “in vacuo" by backflushing with 
ultrapure argon. According to Ritchie (6), the typical impurity content of 
argon is approximately 20-50 ppm water vapor with oxygen, nitrogen and hydro- 
gen being of lesser quantity. This could result in a partial pressure of 
water vapor constituting a poor vacuum, thus contributing to possible oxide 
format! on. 
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Table 1 

Composition of Plate, Weight 


c 

« 0.147 

Va > 

Mn 

o 

o 

• 

n 

C*i ® 

P 

= 0.008 

Nb = 

S 

= 0.012 

A1 = 

Si 

= 0.255 

Co » 

Cr 

» 0.008 

Mg s 

^^o 

- 0.240 

Ca » 


Percent 

0.006 

0.049 

0.047 

0.029 

0.014 

0.003 

0.010 
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Table 2 

Strain-Life Results for X60 Steel 
Transverse and Longitudinal Specimens 




Transverse 

Specimens 



Spec. No. 

Strain 
Ampi itude, 
oe/2 

Reversals to 
Failure, 2Nf 

Steady-State 
Stress, a 
MPa (ksi) 

Elastic 

Strain 

eg»o/E 

Plastic 

Strain 

Cp»c-<j/E 

X60-T1 

0.010 

484 

465.4 (67.5) 

0.00225 

0.00775 

X60-T2 

0.005 

8.760 

396.5 (57.5) 

0.00192 

0.00308 

X60-T3 

0.003 

34,750 

344.7 (50.0) 

0.00167 

0.00133 

X60-T4 

0.002 

174,160 

310.3 (45.0) 

0.00150 

0.00050 



Longitudinal 

Specimens 



X60-L1 

0.010 

2,126 

473.7 (68.7) 

0.00229 

0.00771 

X60-L2 

0.005 

12,048 

405.4 (58.8) 

0.00196 

0.00304 

X60-L3 

0.003 

67,340 

351.6 (51.0) 

0.00170 

0.00130 

X60-L4 

0.002 

299,460 

317.2 (46.0) 

0.00150 

0.00050 
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Table 3 

Monotonic and Cyclic Material Property Data 
For X60 Pipeline Steel 


Monotonic Properties 


Brinell Hardness 

Mod. of Blast., E 

Yield Strength, 0.25 S 

Ultimate Strength, S^^ 

Red. In Area, 5 RA 

True Fract. Duct., 

True Fract. Strength, af 
(corrected for necking) 

Strain Hardening Exp. n 

Strength Coeff., K 


* 190 HB 

» 206.8 X 10^ MPa (30 x 10^ ksi) 
> 386.1 MPa (56 ksi) 

- 551.6 MPa (80 ksi) 

■ 65.9 

- 1.08 

- 973.5 MPa (141.2 ksi) 

» 0.15 

«• 896.3 MPa (130 ksi) 


Cyclic Properties (Long. /Trans. 


Yield Strength, 0.25 Sy' 
Fatigue Strength Coeff., a^' 
Fatigue Ductility Coeff., cf 
Fatigue Strength Exp., b 
Fatigue Ductility Exp., c 
Transition Fatigue Life, 2N^ 
Strain Hardening Exp. n' 
Strength Coeff., of' 


» 368.9/368.9 MPa (53.5/53.5 ksi) 
» 868.7/806.7 MPa (126/117 ksi) 

» 0.54/0.49 
» -0.085/-0.080 
- 0.55/-0.57 

» 3.4 X 10^2. 0 X 10*^ rev's 
» 0.146 

> 903.2 MPa (131 ksi) 
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Table 4 

Material Property Data Sheet 


Material: Galnex* 

Condition: Hot rolled, 3.56 mm (0.140") sheet (150 HB) 

Test Cond.; Room Temp. 


Monotonic Properties (Long. /Trans.) 


Mod. of Elast., £ 

Held Strength, 0.2% Sy 
Ultimate Strength, 

Red. in Area, t RA 
True Frac. Strength, a 
True Frac. Ductility, ef 
Strain Hard, Exp. n 


201.3 X 10^ MPa (29.2 x 10^ ks 
393.0/399.9 MPa (57/58 ksi) 
510.2/530.9 MPa (74/77 ksi) 
64/58 

813.6/806.7 MPa (118/117 ksi) 
1.02/0.86 
0.20 


Cyclic Properties (Long. /Trans.) 


Yield Strength, 0.2% Sy' 
Strain Hard. Exp., n‘ 

Strength Coeff., K' 

Fatigue Strength Coeff., of' 
Fatigue Ductility Coeff., cf' 
Fatigue Strength Exp., b 
Fatigue Ductility Exp., c 
Transition Fat. Life, 2N^ 


376.5 MPa (54.58 ksi) 

0.11 

786.0 MPa (114 ksi) 
806.7 MPa (117 ksi) 
0.86 


-0.071 


-0.65 

1.3 X rev. 


Composition (w/o) 

C ^ P S Si Cu Mi Cr Mo N 

0.16 0.90 0.038 0.027 0.04 0.10 0.01 0.01 0.01 0.017 


♦Trade Name of Arraco Steel 
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Table 5 

Threshold Stress Intensity Range, aK^K of 
X60 Pipeline type Steel (LT Orientation) 
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Table 6 

'^th.max VaJues for X60 Pipeline Type Steel 


K . 1 

th.max L y . h J 
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2 HOLES WITH 



COMPACT (CT) FATIGUE TESTPIECE 
H/W - 0.60 
B ■ 12.7 mm (0.50 in) 

W • 50 mm (1.97 in) 

•o/W - 0.36 


Fig. 1 Fatigue crack growth specimen. 
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Fig* 2 Tension and fatigue specimen design. 
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9. 3 ■'est chamber. 
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Fig. 5 Strain-life curve for X60 oipeline steel (longitudinal). 
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REVERSALS TO FAILURE, 2Nf 

Fig. 6 Strain-life curve for X60 pipeline steel (transverse). 
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da/dN (IMCHES/CYCLE) 


SCSI '11706 



Fig. 10 da/dN vs iK at high pressure for X60 pipeline steel. 
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Vac; R - 0.1 




:s 




M e 2 
® ? 

NUT'IBER' 5230 


P-MAX 

<KIPS> 

12 

1 

.S' 


C€LT^-rt 

arcH) 


.055 

6 00000E-03 
9.0G000E-03 
.035 
067 
042 
026 
.015 
.018 
02 
.022 
.016 


.015 

.019 

.014 

.015 

.018 

.024 

.015 


.017 
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21 

20000 

.604 

1 

.015 

22 

15000 

.619 

1 

.015 

21 

15000 

635 

1 

.017 

24 

15000 

.655 

1 

02 

25 

15000 

678 

1 

023 

26 

10000 

.695 

1 

017 

27 

10000 

72 

1 

.025 

28 

5000 

.733 

1 

013 

29 

5000 

.75 

1 

017 

10 

5000 

.767 

1 

Old 


o 
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ttt SECrtNT METHOD tkk 


SPECIMEN f4UMBER‘ X66«13 
DIMENSION <I»4CH)* B » .5 

2H * 2.4 



R-RNTIO » 

1 0 

35 HZ 


TEST ENinRONMENT^ 

»)8CIJUM 


DNTN FILE 

X6013 

GO 

OBS. 

OELTN-N DELTN-A 

H 

NU^fiER 

( 

CINCH) 

(INCH) 

i 

1 00000E^06 

.055 

.847 

2 

i.0eee0E^e6 

6 00000E-03 .878 

3 

1.000Gm9E^O7 

9 00000E-03 .885 

4 

2.00060E^ 

035 

.907 

5 

1.906e0E^06 

067 

.958 

6 

500000 

.042 

1.013 

7 

250000 

.026 

1 0^17 

8 

150000 

015 

1 067 

9 

150000 

.016 

i 084 

10 

150000 

.02 

1 103 

11 

150000 

.022 

1 124 

12 

100000 

.016 

1 143 

13 

75000 

.015 

1 159 

14 

75000 

.019 

1.176 

15 

50000 

.014 

1.193 

16 

e^^s000 

.015 

1 207 

1? 

50000 

016 

1 224 

18 


.024 

1.244 

19 

25000 

.015 

1.264 

20 

25000 

.017 

1.28 


W * 2 


(¥M > » .7 


NUMBER* 5230 

DELTN-K 

DN/DN 

KSI*SQRT< DCH> 

INCM/CVCLE 

11 844 

5.54450E-08 

10 294 

6.0373CC-09 

9 361 

&.d08O0E-10 

10 725 

1 74880E-O6 

n 546 

3.52963E-08 

12 543 

3 41360E-08 

13 235 

1 02260E-0? 

13 637 

1 03267E-07 

14 073 

1.18514E-07 

14.534 

1 33373E-07 

13 061 

1 47887E-07 

15.614 

1.64940E-07 

16.069 

1 .97680E-07 

16.593 

2.5840e£H07 

17.131 

2 77420E-07 

17.627 

3.05579t-07 

18.217 

3.52440EH)7 

19.005 

4.70940E*-07 

19.799 

6.O5240E-e? 

20.51 

6.94282E-e? 


cn 

rsj 

CO 


*n 

;o 



21 

20000 

.015 

22 

15000 

.015 

23 

15000 

.017 

24 

15000 

.02 

25 

15000 

.023 

26 

10000 

.017 

27 

10060 

.025 

28 

5000 

.013 

29 

5000 

.017 

30 

5000 

.018 


1 296 
1.311 
1.327 
1.345 
1.366 
1.387 
1.408 
1.427 
1.442 
1.459 


21.27 
22.012 
22.832 
23.841 
25.14 
26 . 483 
28.01 
29 504 
30.767 
32.344 


7.66000E-07 
9.85730E-07 
1 . 10220E-O6 
1.30260E'^ 
1.55447E-06 
1 73310E-06 
2.49431E-06 
2.57879E-06 
3.34840E-O6 
3.S1640E>06 
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SPECIMEM HO. X60«13 

DIMENSION i METER >« B = .012? M * 6508 

2H = 06096 N<N> « 01778 

R-RPiTIO = 1 0 35 H2 

TEST ElKaRONMENT U8CUUM 

DP.T8 FILE = X6013 G O. NUMBER 5230 

16 -JUNE- 1980 


oes. NO 

DELT0-N 

CROCK LENGTH 
^MM> 

P-MOX 
C NEWTONS 

DELTO-0 

i 

1 O0000E^0€ 

4.445 

5328 

1 408 

2 

1 . 0000OEKi6 

4 599 

4440 

153 

3 

1 0O000E+07 

4.822 

3996 

.224 

4 

2-ti000OE+O6 

5 711 

4440 

.888 

5 

1 . 9OeO0E^Q6 

7 414 

4440 

1 703 

6 

500000 

8 . 463 

4440 

1 669 

7 

250600 

9. 1-32 

4440 

649 

8 

150000 

9 526 

4440 

.393 

9 

150000 

9.977 

4440 

.452 

10 

150000 

10 485 

4440 

563 

11 

150000 

11 049 

4440 

563 

12 

100000 

11.466 

4440 

.419 

13 

75000 

11 844 

4440 

377 

14 

75600 

12 336 

4440 

.492 

15 

50060 

12.689 

4440 

352 

16 

50000 

13.077 

4440 

.388 

17 

50060 

13.524 

4440 

.448 

18 

■CACkCkA 

14.123 

4440 

.598 

19 

25000 

14.507 

4440 

.384 

20 

25000 

14.948 

4440 

.441 
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21 

22 

23 

24 

25 

26 
2 ? 
28 

29 

30 


20000 

isooe 

15000 

15000 

15000 

10000 

10000 

5000 

5000 

5000 


15 33 ? 
15 ?12 
16.132 
16.629 
1 ? 221 
17.661 

18 295 
18.622 

19 047 
19.494 


4440 

4440 

4440 

4440 

4440 

4440 

4440 

4440 

4440 

4440 


.389 

.376 

.42 

.496 

.592 

.44 

.634 

.326 

.425 

.447 


04 

Ln 
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E-03, 


E-04 


SPECIMEN NO * N60-13 
SECHNT MEIHOO tU 
P = . I (if 35 HZ 
MACUUM 


E-t«a 


E-09* — 

E ee 


OELTA-K 
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ttt SECANT METHOD 


SPECIMEN NUMBER > N60-13 



DIMENSION <HETER)^ 

8 « .0127 

M « .0508 





2H » 06896 

8<H> » 01778 



R-R8T10 « 

1 @ 

35 HZ 




TEST Em'IRONMENT> UACUUM 




DNT8 FILE = 

X6013 

GO 

HI»1BER: 5238 


obs. 

DELTrt-N DELT8-8 


0ELT8H< 

ON D14 

IMBER 

<MM> 

<MM> 

MPH4SQRT< METER > 

<MM^'CYCLE > 

1 

1 00800E406 

1.408 

21.521 

12.9901 

1 . 4083OE 

£ 

1 0880OE^06 

.153 

22 302 

11 2987 

1 53348E'07 

3 

1 eoeeoEw 

.224 

22.491 

18 2669 

2.23723E-88 

4 

2 dO088E^86 

888 

23 847 

1 1 7635 

4 44195E-G7 

5 

1 98000E^06 

1.703 

24 342 

12.6638 

8 96526E-87 

6 

580806 

1.869 

25 728 

13 7571 

2.13785E-(i6 

7 

258008 

649 

26 587 

14.3161 

2.59748E-8e 

8 

150880 

.393 

27 189 

15.812 

2 62297E-06 

9 

158888 

.452 

27 531 

15.4354 

3 O1O24E-06 

te 

150888 

.508 

28 811 

15.9415 

3 38768E-86 

11 

158800 

.563 

28 547 

16.5489 

3 75633E-86 

12 

100888 

419 

29.038 

17.1252 

4 1S947E-06 

13 

75880 

.377 

29 436 

17.6246 

5 82107E-86 

14 

75888 

.492 

29.87 

16.1992 

6.56336E-86 

15 

58888 

.352 

36 293 

18.7891 

7.04647E-06 

16 

sAoaa 

.388 

38.663 

19.3335 

7.7617IE-06 

17 

soeoe 

.448 

31 881 

19.9811 

8.95197E>86 

18 

wVPnCW 

.598 

31.603 

20.8448 

1 . 19619E-85 

19 

25800 

.384 

32 095 

21.7156 

1.53731E-85 

28 

25808 

.441 

32.507 

22.4955 

1.76348E'-05 


l/> 

r> 

CJl 

ro 

u> 

o 




20000 

.389 

32 


15000 

3?6 

33 

23 

isoeo 

.42 

33 

24 

15000 

.496 

34 

25 

15000 

.592 

34 

26 

10000 

44 

35 

27 

10000 

.634 

35 

28 

5000 

328 

36 

29 

5000 

425 

36 

30 

5000 

447 

37 


922 

23.3287 

1 94564E-05 

305 

24 1432 

2 50375E05 

702 

25.0423 

2.79959^-05 

16 

26.1491 

3 30860E-05 

705 

27.5734 

3 94835E-05 

221 

29.0469 

4 402O7E-05 

758 

30.7221 

6 33554E-05 

238 

32.3603 

6 55O14E-05 

615 

33.7457 

8 50491E-05 

051 

35.4751 

8 93166E-05 


Vac; R = 0.5 



59 




W = 2 


NUMBER 5230 


1 ^ 
1.8 
1.5 
1.3 

1 16 
1 

.9 

.8 

.85 

.3 

.3 

1 

1.1 

11 

1.2 

1.2 

1.3 

1.3 

1.4 
1.4 


DELT8-A 
< 1NCH> 

.029 

04 

.835 

.021 

.831 

8 G0000e:-03 
6.00000E>03 
I C10O00E - 03 

61 

.621 

.619 

014 

9.00006E-03 

.011 

.015 

.012 

9 00000E-03 

.011 

.012 

.013 
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21 

22 

21 

24 

25 

26 
27 
23 

29 

30 

31 

32 

33 


75000 

50000 

50000 

50000 

25000 

20000 

20000 

20000 

20000 

15000 

15000 

10000 

10000 


492 

.505 

.523 

.55 

.565 

.579 

.596 

.615 

.636 

.656 

.63 

.699 

.723 


1 4 
15 

15 

1.6 

16 
16 
1.6 
1.6 
16 
1.6 
16 
1 6 
1.6 


.015 

.013 

.018 

027 

015 
.014 

016 
.019 
021 
.019 
025 
019 
024 
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SECrtHT METHOD ttt 

SPECIMEN ^^UMBER^ J^60-14 
DIMENSION <INCH>= B = 5 

2H * 2 3 

R-RHTIO * S fi 35 HZ 
TEST ENt^RONMENT* UACUJM 


DHTH pile « X6014 


W « 2 
R<N) a .7 


GO HUMBER 5230 


OELTrt-P 
(. IfCH > 


350000 
500000 
1 00000E^06 

1 O2000E^66 

2 00000E^06 

1 OO00OE>06 

2 00000E466 
5 000O(€f06 
5.0000^4^ 

3 e5000E-^06 

2.00000E^ 
1 e0000E^0€ 
3S0000 < 

350000 
300600 
200000 
100000 < 

100000 
?S000 

y%Di£3lA 

rwtTOI? 


029 

04 

.035 

.021 

031 

8 0O000E-03 
6.000CiOE-03 
1 .O000OE-O3 


; .01 
; .021 
; .013 

.014 

9 00OO0E-33 
.011 
.015 
012 

9.00000E-03 

.011 

.012 

.013 


, 0 DELTH-P 

< INCH > KS ! TSi^RTC INCH > 

865 10.673 

S99 10 601 

936 9.318 

.964 0 413 

^99 7.806 

'3 1 01 6.938 

3 1 017 6.314 

3 1.021 5.642 

1 . 626 6 . £i4S 

1.041 6.558 

1 0bl 6.77 

10?? 7.732 

1 089 0.674 

1 . 099 8 . 823 

1 112 9.046 

1 125 10 081 

} }3f 11.13 

1 146 11 336 

1.158 12.472 

i 171 12.773 


DH^DH 
INCH CYCI E 

8 . 15886E-08 
7.91560E-08 
3 50730E-03 

2 02539E-68 
1 5660OE-08 
8 36200E-0? 
2.913Ci0E-O9 
1 66404E-10 
1 98740E-fi5 
5 32935E~09 
9.334O0E-09 
1.44780E-08 
2.51257E-00 

3 18171E-08 
5.005336-00 
5 898506-08 
9.379006-06 
1 689506-07 
1.652406-07 
1.746606-07 
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21 ?5000 

22 seeee 

23 50000 

24 50000 

25 25000 

26 20000 

27 20000 

28 20000 

29 20000 

30 15000 

31 15060 

32 10000 

33 10000 


.015 

.013 

.018 

.027 

015 

.014 

.016 

019 

.021 

.019 

.02‘5 

019 

.024 


1 184 

i.198 

1.214 

1 236 

1 258 

1.272 

1 286 

1.306 

1.326 

1.346 

1.368 

1 39 

1.411 


13 113 

14 43 
14 882 
16.623 
17.375 

17 93 

18 546 

19 312 
20.236 
21 24 
22.434 
23 721 
25 113 


1 94280E-07 
2.59539E-07 
3 e46€0£-0? 
5.437806-07 

6 015186-07 

7 125026-07 
8.233496-07 
9.714016-07 
1 045106-06 
1 21>4146-06 

1 644466-06 
1.873106-06 

2 405806-06 
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SPECIMEN NO = X60- 

-14 




OIMEMSIOM (METER) 

B .0127 

M 

= .0508 



2H » .05842 

A(M> 

= 01778 


R-RATIO =5 fi 

35 HZ. 




TEST ENUIRONMEMT' 

UACUUH 




DATA FILE = J(6014 

GO 

HUMBER^ 

5230 


7-JLH_Y-1988 




;s. m. DELTrt-M CRACK LEMGTH 

P-MA>{ 

delta-a 



(MM) 

(NEMTONS) (MM) 

1 

350000 

4 555 

8436 

.725 

2 

500000 

5 56 

7992 

1 J305 

3 

1 00000E+06 

6 451 

6660 

891 

4 

1 0200OE406 

6 976 

5772 

525 

5 

2 0OO00E+Q6 

7 771 

5150 

4 . 796 

6 

1 00000E+0b 

7 984 

4440 

212 

? 

2 . 00€»00E+O6 

8 132 

3996 

.148 

8 

5 00000E-*-06 

8 153 

.3552 

021 

9 

5.0000OE+Q6 

8.405 

3774 

.252 

10 

3 S5000EK16 

8 926 

3996 

521 

11 

2.0Oe00E^6 

9 401 

3996 

.474 

12 

l.0O00*3E-^06 

9 763 

4440 

.368 

13 

350000 

9 992 

4884 

.223 

14 

350000 

10 275 

4884 

.283 

15 

300000 

10 656 

5328 

.381 

16 

200000 

10.955 

5328 

.299 

17 

100000 

il 193 

5772 

.236 

18 

100000 

11 47 

5772 

.277 

19 

75000 

11 785 

6216 

.315 

20 

75000 

12.118 

6216 

.333 
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21 

22 

23 

24 

25 

26 
27 
23 
29 
33 

31 

32 


75000 

50000 

50000 

50000 

25000 

20000 

20000 

20600 

20000 

15000 

15000 

10000 

16000 


12.488 
12 81? 
13 281 

13 971 

14 353 
14.715 

15 133 

15 627 

16 150 

16 651 

17 277 

17 753 

18 364 


6216 

6660 

6660 

7104 

7104 

7104 

7104 

7104 

7104 

7104 

7104 

7104 

7104 


.37 

.33 

463 

691 

.332 

362 

.418 

.493 

.531 

.493 

627 

476 

6il 



*** SECi:»nT METHOD M 

SPECIMEN NUMBER; X60-14 
DIMEMSIOH <METER.»= ^0127 

o_c>^4tio - Fi 6 35 HZ. 

TEST EHUIROHMEMT* UHC«JiJM 
OHTA FILE ■ !!60H G O. 


)ELTA-H DELTA -A 

< MM ) 

350000 725 

500000 1 005 

1 OOOOeE^^ .891 

1 02000E<-06 .525 

2 00O00E+06 . 796 

1 e0O00E+06 .21^ 

2 000G0E+06 148 

5 00O00E+06 021 

5 00OO0E+06 . 252 

3 850O0E+G6 .521 

2 00O00E+06 . 474 

1 00OG0E+06 .368 

350000 223 

350000 .28i 

300000 -^1 

200000 

100000 238 

106000 277 

75000 315 

75000 333 


A 

<m) 

21.972 
22.8.38 
23 786 
24.494 


U 0508 
ft(N> = .01778 


NUMBER 5230 


DELTA-K 

MPA^SORT< METER > 

11 7067 
11 6278 
10 22 
9.227 

8 5617 
7 60969 
6 92497 
6 18.^78 

6 63057 

7 19314 
7.42591 
8.48106 

9 5141 

9 6775 

10 7992 

1 1 0572 

12 2074 
12.4337 
13.6798 
14.0093 


DA'Dtl 
•: MM CYCLE > 

2 07235F-06 
2,01O56E-0b 
8 90854E-O7 
5 . 14449E"07 

3 97764E'*07 
2. 12394E-07 

7 399CUE-08 
4.226fc8E"09 
5 04799E-02; 

1 35366E-07 

2 37084E-07 

3 67741E-07 
6.38193E-07 

8 08157E-07 
1.27135E-06 
1.49619E-06 
2.38227E-06 
2.76732E-^ 
4.19711E-06 
4.43686E-06 
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21 

?5000 

. 3 ? 


50000 

.33 

23 

50000 

463 

24 

50000 

.691 

25 

25000 

.382 

26 

20000 

.362 

2 ? 

20000 

.413 

28 

20000 

493 

29 

20€<00 

.531 

30 

15000 

.493 

31 

15000 

.627 

32 

10000 

.476 

33 

10060 

611 
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Vac ; R = 0.8 


50 



SPECIMEN HO. ^ X6022 


DIMEr^SIOM CINCH;- B ~ .5 

2H = 2.4 

P-RHTin .b e 30 H2'. 

TEST ENUIRO^INEMT UhCUUM 

DHTb FILE * X6022 GO 

4OECEMBER-19S0 


OeS HO. DELTH-H CRPCF LENGTH 


1 23000 . 036 

2 850000 . 066 

3 450000 , 078 

4 200006 091 

5 150060 . 105 

6 150006 .116 

7 250000 . 1 3 

8 300006 .143 

9 bl5f10‘5 .161 

10 300000 .177 

11 300000 .193 

12 300000 207 

13 705000 228 

14 408000 251 

15 815000 .275 

16 310000 .297 

17 270000 .312 

18 730000 .333 

19 670000 .35 

20 250500 .36 


N = 2 
8CN> = .7 


HUlBEFs 

5230 

f-Mr^x 

DEL TO 

CLIPS) 

<: INCH 

6 

.036 

5 . 5 

03 

5 . 5 

613 

5 

013 

5 

013 

5 

.014 

4 . S 

012 

4 5 

.013 

4.5 

CilS 

4 

.016 

4 

.016 

4 

014 

3.6 

.021 

3 6 

.023 

3 4 

.025 

3 4 

022 

3 1 

.014 

3 1 

.021 

2.6 

.017 

2.8 

.011 



lt.-JZl’0C290S 



21 

300000 

.371 

22 

1 . O2550E+O6 

.386 

23 

325000 

.397 

24 

400000 

.409 

25 

750560 

423 

2b 

355000 

.435 

27 

555000 

448 

28 

855000 

461 

2-3 

300000 

.472 

30 

400000 

. 486 

31 

2 . 83500E-^O6 

.527 

32 

1 50000E+06 

.567 

37 

490000 

. 583 

34 

4101300 

.598 

35 

1 00000E^O6 

622 

3b 

567000 

.654 

37 

310000 

.666 

38 

490000 

682 

33 

1 . OO000E+06 

.703 

40 

500000 

. w 


2 8 

.011 

2 52 

.614 

2.52 

.01 1 

2.52 

012 

2.27 

013 

2.27 

012 

2.27 

013 

2 045 

013 

2 045 

011 

2 045 

014 

1 845 

041 

1 75 

.04 

1 65 

.021 

i 65 

01 

15 

015 

15 

. 032 

1 35 

012 

1.35 

017 

1 2 

.021 

1 2 

024 
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41 

1 80OG0E+O6 

. 744 

1 

.017 

4d 

1 .S9100E+O6 

765 

.9 

.021 

41 

6 G0000E+O6 

.79 

8 

025 

44 

400000 

. 803 

.9 

.019 

45 

285000 

.821 

9 

0!2 

4b 

250000 

.831 

.9 

.01 

47 

67D0t«3 

849 

,9 

.017 

4S 

265000 

.861 

9 

.013 

49 

150000 

.877 

9 

.015 

50 

150000 

.891 

. 9 

.015 

51 

150000 

.904 

r* 
. ^ 

013 


125060 

.913 

.9 

.015 

51 

115O0G 

.934 

9 

.015 

54 

115000 

. 349 

b 

. 

015 

55 

800 

.987 

9 

.038 
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tn SECANT METHOD UX 


ST'ECIMEH J’jUMBER: 

D I MENS 1 CM I ( INCH> = 

R-RrtTIO = 8 r- 

TEST ENUIftOHriENT 
data File = >(6022 


X6022 


B = .5 
cH « 2 4 
70 HZ 
tJACUUM 


GO 


H » 2 
f¥.M) ^ 7 

^^U1BER: e.230 


OBS OELTh-N 
JH.HIBeR 


DEL.TA-A 
< INCH> 


1 

23000 

.036 

2 

850000 

.03 

3 

450000 

.013 

4 

200000 

.013 

5 

1500G0 

.013 

6 

150*300 

.014 

7 

250000 

.012 

3 

30k‘»000 

.013 

9 

615000 

01 s 

10 

300000 

.016 

11 

306000 

016 

12 

300000 

.014 

13 

705000 

. 021 

14 

400000 

.023 

15 

815006 

.025 

16 

310600 

.022 

17 

270006 

.014 

18 

730000 

.021 

19 

670000 

.017 

20 

250500 

.011 


A 

< INCH > 

.710 
751 
. 77 ?. 
785 
.793 
812 
. 824 
837 
852 
8E9 
885 
.9 
917 
.939 
.963 
986 
1 005 
1.022 
1.041 
1.055 


DELTA- F 

KSI^^SOf T': INCH ) 

1 1 . 095 
10 61? 

10 512 
10 089 
10 266 
10 452 
9 571 
9 731 
9 934 
9 034 
9 233 
9 435 
8 702 
8 98 

8 783 

9 097 
8 529 
8 ?67 
8.16 
8.346 


1 

3 

e 

8 

9 

4 
4 


4 

2 

5 

3 
7 
5 
2 
2 

4 


DA/OM 
INCH 'C YCLE: 

56ia7E-0C 
535olE-C'e: 
786CtAE-Ci8 
64855E 
7725 3E-0;? 
258fjOI- OP 

01 icec-f;.': 
. 2546 7E -68 
.37154E-0S 
. 25B34E 68 
. 467.5 3E-P6: 
595O0E--OC: 
.95234E-68 

.04134E'0S 

13322E-0S 

30110e-08 

85768E-08 

528506-08 

37485E-08 


Cn 

Cn 


cl 300000 011 

1 02550E+06 014 

c3 3J!500O 01 1 

24 400000 012 

25 750500 013 

2b 355000 ;0i2 

27 555000 013 

2>3 S55000 013 

29 300000 01 1 

30 400000 014 

31 2 835O0E+06 041 

32 1.5a000£+06 04 

33 49001)0 021 

34 410000 01 

35 1 060O0E+O6 025 

3b 567000 .832 

37 310900 012 

38 49ej0O0 .017 

39 1 000O0E+06 021 

40 500»3t30 . 024 
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41 

1 &0OO0E^06 

017 

1 435 

6.719 

9 . 40389E *89 

4Z 

1 89100E+O6 

.021 

1.454 

6 . 383 

1 09138E-03 

43 

6.00000E^e6 

.025 

1 . 477 

6 078 

4. 19799E-09 

44 

400000 

019 

1 499 

7 326 

4 73350E-08 

45 

285000 

012 

1.515 

7 709 

4 38245E-08 

46 

250000 

01 

1 526 

8.008 

4 14248E-08 

47 

670000 

017 

1.34 

8 395 

2.56090E-08 

48 

265000 

013 

1 555 

8.35 

4 83169E-03 

49 

150000 

015 

1.569 

9 314 

1 O1333E-07 

50 

150000 

015 

1 564 

9.85 

9. 7239e£-08 

51 

150000 

013 

1.598 

10.397 

8 78266E--0S 

52 

125000 

015 

1.612 

11 

1 . l90f»0E-07 

53 

115000 

015 

1 .627 

11.708 

1 30705E 07 

54 

115000 

015 

1 . 642 

12.5 

1.32139E-07 

55 

800 

038 

1.668 

14 104 

4 69088E 05 


C/1 

o> 


SC5230.17 


u'X I 
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SPEC 1 MEM NO. * X6022 




DIMENSION < METER) 

B » 8127 

W = 

9508 



2H *= .06096 

8<N > » 

01778 


R-RNTIO - .8 e 

30 H2. 




TEST ENMIROHMEHT^ 

t..‘8CUUl*l 




DNTh pile = X6022 
4-DECEMBER-1980 

GO. 

NUMBER ‘ 5i 

230 

; .^^0 DHLTPh-N CR^CK LENGTH 


DELm-8 



<m) 

*: NEWTONS 

) <MM> 

1 

23000 

.902 

26640 

912 

2 

850000 

1.665 

24420 

.763 

3 

450000 

1.984 

24420 

318 

4 

200000 

2.322 

2220LI 

.338 

5 

150000 

2.656 

22:2m 

.334 

6 

150000 

3 009 

22200 

.353 

? 

25^»00e 

3.314 

199013 

.306 

fcv 

300000 

3 638 

19930 

.324 

9 

615000 

4 087 

19980 

.449 

H3 

300000 

4 487 

17760 

401 

11 

300000 

4 904 

17760 

.417 

12 

300000 

5 254 

17760 

.35 

13 

705000 

3.733 

15934 

.529 

14 

400000 

6.363 

15984 

.58 

15 

815000 

6.993 

15096 

.63 

16 

310000 

7.555 

15096 

.562 

17 

270000 

7.910 

13764 

.364 

id 

730000 

8.448 

13764 

.53 

19 

670000 

8.878 

12432 

.43 

20 

250S00 

9.157 

12432 

.278 


tn 

1 £) 


21 

300000 

3.433 

22 

1 02S50E^-06 

9.8 

23 

325000 

10.091 

24 

400000 

10.399 

25 

750500 

10 741 

26 

355000 

11.045 

2? 

555000 

11.383 

28 

855000 

1 1 702 

2*3 

300000 

11.984 

30 

400600 

12.336 

31 

2.83500e'»-06 

13.384 

32 

t 500O0E+06 

14 39 

33 


14.927 

34 

410000 

15 187 

35 

1 00000E+06 

15 811 

36 

567000 

16.612 

3? 

310000 

16 . 909 

33 

430060 

17 33 

39 

1 0000OE+06 

17 66 

40 

500000 

18.464 


12432 

.277 

11188.8 

.366 

11168 8 

.291 

11183.8 

.308 

10078 8 

.342 

10078 8 

.304 

10078 8 

.338 

9079.8 

.319 

9079.6 

.282 

9079.8 

.352 

8191 8 

1 048 

7770 

1 006 

7326 

537 

7326 


6660 

.624 

6660 

BiiJl 

5994 

.297 

5994 

.421 

5328 

.529 

5328 

.604 
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41 

1.8000064^06 

42 

1 89100E+06 

43 

6 0000064^06 

44 

400000 

45 

285000 

46 

250000 

47 

670000 

48 

265000 

49 

150000 

50 

156000 

51 

150000 

52 

125000 


115000 

54 

115000 

55 

800 


18.894 

4440 

19.418 

3996 

20 058 

3552 

20.339 

3996 

20 856 

3996 

21 119 

3996 

21.555 

3996 

21.88 

3996 

22.266 

3996 

22.637 

3996 

22.972 

3996 

23.349 

3996 

23 731 

3996 

24 117 

3996 

25.07 

3996 


.43 

.524 

64 

.481 

.31? 

.263 

436 

.325 

.386 

37 

.335 

.378 

.382 

.336 

.S'53 


tu SECf^^T riETHOD Hf-U 
SPECIMEN NUMBER = K6022 

OIMEHSION < METER >= B « .0127 N = .0508 

2H * .06096 A<N> = 01773 

R-RNTIO = .8 e 30 H7. 

TEST ENUIRONMENT* U0CUUM 

DATA PILE • X6022 GO. HUMBER = 5230 


oes. 

C€LTA-N 

DELTh-A 

A 

OELTA-K 

DA^^DH 

NUMBER 


(MM> 

aiM> 

MPA*SQRT<: METER > 

<m'CYCLE> 

1 

23000 

.912 

18 226 

12 1691 

3 96714E>05 

2 

650000 

.763 

19 064 

11 6407 

8 98£i45£:.-07 

3 

450000 

.318 

19 605 

11 968 

7 07644E-07 

4 

200000 

.338 

19 933 

11 0656 

1.68873E-06 

5 

150000 

334 

20 269 

11.2601 

2.22822E~-06 

6 

150000 

353 

20 612 

11 4637 

2 35153E-06 

7 

250000 

.306 

20 941 

10.4972 

1 22215FHrlfc 

8 

300000 

.324 

21 256 

10,6735 

1 08069E-06 

3 

615000 

.449 

21 643 

10 8956 

7 29J72E-07 

10 

300000 

401 

22 067 

5.90899 

1 33562E-06 

11 

300000 

417 

22.476 

10.1319 

1 30870E~06 

12 

300000 

.35 

22 . 859 

10 3481 

1 16713E-06 

13 

705000 

529 

23.299 

9.54434 

7.49894E-07 

14 

400000 

.58 

23 853 

5.84899 

1 450B5E-06 

15 

815000 

63 

24 . 458 

9.6329 

7.72628E-07 

16 

310000 

.562 

25.054 

9.97802 

1.81184E-06 

17 

270000 

364 

23.516 

9.35502 

1 34648E-06 

18 

730000 

.53 

25.963 

9.6153 

7 25850E-07 

19 

670000 

.43 

26 . 443 

8.94993 

6.42240E-07 

20 

250500 

.278 

26.798 

9.1345 

1.1U21E-06 


SC5230.17FR 


r 


£1 

300000 

.277 

27.075 

9.32032 

9 22273E-07 


i.O2550E+06 

.366 

27.397 

8.56703 

3.57309E-07 

2i 

325000 

.291 

27 725 

8.75662 

8.96034E-07 

24 

400000 

.308 

28.025 

8 93557 

7 69174E-07 

25 

750500 

.342 

28.35 

8 23039 

4.55475E-07 

26 

355000 

.304 

28.673 

8.41774 

8.56872E-07 

2? 

555000 

.338 

28.994 

8 6114 

6 09463E-07 

28 

855000 

.319 

29 322 

7.94352 

3 730O8E-O7 

29 

300000 

.282 

29.623 

3 12017 

9 41327E-07 

30 

400000 

.352 

29.94 

8.31381 

8.78966E-07 

31 

2.83500E+06 

1.048 

30.64 

7 91253 

3 69576E-07 

32 

l.SOOeOE^OE. 

1 006 

31.66? 

8 14867 

6 70900E-O7 

33 

490000 

.537 

32.438 

8 19945 

1.09588E-06 

34 

410000 

.26 

32.837 

8.43944 

6 T3763E or 

35 

1 . 0O000E+06 

624 

33 279 

3 02905 

6 24407E-C7 

36 

567000 

.801 

33.992 

8.57723 

1.41232E 06 

37 

310060 

.297 

34.541 

8 13912 

9.58726E' 07 

38 

490000 

.421 

34.9 

8 4345 

8 . 59299E 07 

39 

1 . 000O0E+06 

.529 

35 375 

7 8697 

5 29261E -07 

40 

500000 

.604 

35 942 

8.35533 

) 20894E -06 


SC5230.17FR 


r 


On 

Ol 


41 

1 .80000E+06 

.43 

36 . 459 

7 3691 

2.38935E-07 

42 

1 89100E+06 

.524 

36 936 

7 00146 

2.77211E-07 

43 

6 . 00000E+06 

.64 

37 518 

6.66592 

1 06629E-07 

44 

400000 

.431 

38 079 

8 . 03492 

1.20231E-06 

45 

235000 

31? 

38 478 

8.45533 

1.11314E-06 

46 

250t*0O 

.263 

38.768 

8.78374 

1.05217E-06 

47 

G70l*00 

436 

39.117 

9.20738 

6 504G8E-07 

4o 

265000 

.325 

39 498 

9.70734 

1 . 22725E-06 

49 

15000*3 

.386 

39.853 

10.2153 

2 57387E--06 

50 

150000 

.37 

40 232 

10 8041 

2.46990E-06 

51 

150000 

.335 

40 584 

1 1 . 4035 

2.23080E-e6 

52 

125000 

.378 

40 94 

12 0651 

3 02260E-O6 

53 

115000 

.382 

41 32 

12.841 

3.31390E-O6 

54 

115000 

.336 

41 704 

13.7098 

3.356.32E-06 

55 

800 

953 

42 374 

15 4697 

1 1914SE- 03 


o 

CJ1 

fV3 

CJ 

o 


“n 

XI 


E-03| 


E -04 


SPECIMEN HO.' XS02;^ 

m. sechmt method u* 

R = 8 @ 30 H2 

UHCUJM 


E-0*5 


E-08 


E-09* — 
E 00 



DELTA-K 


£ 01 

MPA)HSQRT< METER > 
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Air; R » 0.1 


65 



SPECIMEN NO. > X60-e0S 
DIMENSION <1NCH)‘ B « .5 

2H * 2.4 

R-RATIO = .1 e 20 HZ. 
TEST ENUIRONMENT* AIR 
DATA FILE > N60O03 G 

20-JAN-80 


N « 2 
A<N> = .7 

.0. NUMBER* 5232 


;. NO. 

DELTA--N 

CRACK LEtIGTH 
<INCK> 

P-MAK 

(KIPS) 

DELTA-A 

(INCH) 

1 

2.62S64E-f06 

.217 

.721375 

.031 

2 

4.78035E+06 

.25 

.651206 

.033 

3 

1 . 082S3E+07 

.272 

.577915 

.022 

4 

686763 

.293 

.685748 

.02 

5 

483188 

.313 

.683528 

.02 

6 

397479 

.333 

.693272 

.02 

? 

292732 

.353 

.698202 

.02 

8 

300380 

.382 

.704111 

.029 

9 

145574 

.403 

.702515 

.021 

10 

127702 

.423 

.681001 

.02 

11 

207809 

.466 

.665663 

.042 

12 

170362 

.507 

.672452 

.042 

13 

120829 

.546 

.668343 

.041 

14 

89057 

.59 

.650897 

.042 

13 

57356 

.63 

.633151 

.04 

16 

31838 

.672 

.648422 

.042 

17 

27453 

.712 

.604898 

-.04 

18 

16225 

.755 

.608444 

.043 

19 

7424 

.788 

.616746 

.032 

20 

4221 

.823 

.637387 

.035 


2935 


.856 


.653?53 .034 


I 
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SPECIMEN NUMBER* X60<-B05 

DIMENSION <INCH)‘ B « .5 W « 2 

2H « 2.4 N<N) » .7 



R-RATIO « . 

1 8 20 

HZ. 




TEST ENUIRONMENT^ AIR 





DATA FILE « 

X6000S 

GO. 

»1UMBER* 5232 


OBS. 

DELTA-N 

DELTA-A 

A 

DELTA-K 

DA/D»1 

(DUMBER 


(INCH) 

(INCH) 

KSUSQRK INCH) 

IHCH^CYCLE 

1 

2.62S64E4^06 

.031 

.902 

7.675 

1 . 19220E-08 

2 

4.78035E+06 

.033 

.934 

7.252 

6.84615E-09 

3 

1.08283E+07 

.022 

.961 

6.7 

2.04557E-09 

4 

686763 

.02 

.982 

8.207 

2.96944E-08 

5 

483188 • 

.02 

1.003 

8.5 

4.19175E-08 

6 

397479 

.02 

1.023 

8.833 

5.08O26E-08 

7 

292732 

.02 

1.043 

9.185 

6.84756E-08 

8 

300380 

.029 

1.068 

9.644 

9 . 72767E-08 

9 

145574 

.021 

1.093 

10.038 

1.45369E-07 

10 

127702 

.02 

1.113 

10.082 

1.56200E-07 

11 

207809 

.042 

1.144 

10.417 

2.03105E-07 

12 

170362 

.042 

1.186 

11.382 

2.44433E-07 

13 

12^?!829 

.041 

1.228 

12.275 

3.37973E-07 

14 

89057 

.042 

1.269 

13.043 

4.73270E-07 

15 

57356 

.04 

1.31 

13.908 

7.00171E-07 

16 

31838 

.042 

1.351 

15.701 

1.31038E-06 

17 

27453 

.04 

1.392 

16.25 

1.45751E-e6 

16 

16225 

.043 

1.434 

18.31 

2.66700E-06 

19 

7424 

.032 

1.472 

20.733 

4.36019E-06 

20 

4221 

.035 

1.505 

23.802 

6.24e7SE-06- 


ORIGINAL PAGE !5 



.034 1.539 2?*. 385 1.14315E-05 


cr 

i£> 
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I 
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C 

H 

C 

Y 

C 

L 

E 


E-04 


E-05 


E-06 


E-07 


E-08 


E-09 


E -^0 


r 




1 

SPECIMEN NO. 

I X60-00S 


- 

R = .1 e 

20 HZ 



AIR 

a. * 


r 


4: 


• 


* 


- 


t 




* 


f 


t 






• 






i 


3- 

- 

m 

% 


- 

V 

/ 

♦ 




t 


■« 


t 

‘ 

- 


t 


r 




- 

1 i ■ 

« « « t ...X-l J 1 1 1 

1 i 1. 1 J ■ 


00 £01 E 02 

DELTA-K - KSUSQRT<INCH> 
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SPECIMEN NO. « X60-005 
DIMENSION <METER>‘ B « .012? 

M s .0508 

2H = .06096 

ACN) = 01??8 

R-RATIO =1 S 20 HZ. 

TEST ENUIRONMENT: AIR 

DATA PILE * X6000S G.O. 

NUMBER > 5232 


20“ JAN-80 


NO 

DELTA-N 

CRACtC LENGTH 
<MM) 

P-MAX 

<NEMTONS> 

DELTA-A 

(MM> 

1 

2.62S64E^06 

5.519 

3202.91 

.795 

2 

4.78035E+O6 

6 351 

2891.35 

.831 

3 

1.08283EW 

6.913 

2565 . 94 

.563 

4 

686763 

7.431 

3044 . 72 

.518 

5 

483188 

7.946 

3057.06 

.514 

6 

397479 

8.459 

3078.13 

.513 

7 

292732 

8.968 

3100.02 

.509 

8 

300380 

9.71 

3126.25 

.742 

9 

145574 

10.248 

3119 17 

.538 

10 

127702 

10.754 

3023.64 

.507 

11 

207809 

11.826 

2955 . 54 

1.072 

12 

170362 

12.884 

2985.69 

1.058 

13 

120829 

13.921 

2967 . 44 

1.037 

14 

89057 

14.992 

2889.98 

1.071 

15 

57356 

16.012 

2811.19 

1.02 

16 

31838 

17.072 

2878.99 

1.06 

17 

27453 

18.088 

2685.75 

1.016 

18 

16225 

19.187 

2701.49 

1.099 

19 

7424 

20.009 

2738.35 

.822 

20 

4221 

20.894 

2830 

.884 


r 


21 2955 


21.?52 2902.66 .858 


( 


''I 

I J 


) 


\ 
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SPECIhEN NUMBER* >{60-00S 
DIMENSION < METER)* B « .012? 

^ . 2H = .06096 

R-RNTIO « .1 0 20 HZ 

TEST ENUIRONMENT* AIR 


DATA FILE * X60005 


G.O. 


W - .0508 
A<N) = ,017?8 

t'lUMBER* 5232 


OBS. 

NUMBER 

DELTA-N 

DELTA-A 

<MM) 

1 

2.62S64E^06 

.795 

2 

4 . 78035E+06 

.831 

3 

1.08283E-(-07 

.563 

4 

686763 

.518 

5 

483188 

.514 

6 

397479 

.513 

7 

292732 . 

.509 

8 

300380 

.742 

9 

145574 

.536 

10 

127702 

.507 

11 

207809 

1.072 

12 

170362 

1.058 

13 

120829 

1.037 

14 

89057 

1.071 

15 

57356 

1.02 

16 

31638 

1.06 

17 

27453 

1.016 

18 

16225 

1.099 

19 

7424 

.822 

20 

4221 

.884 


A 

<MM) 

22 . 902 

23.715 

24.412 

24 . 952 

25.469 

25.982 

26 . 493 

27.119 

27 . 759 

28.281 

29.07 

30.135 

31.183 

32.237 

33.282 

34 . 322 

35.36 

36.417 

37.378 

38.231 


DEI X£»-k 

MPA*SQRT< METER) 

8.41792 
7 . 95429 
7.3483 
' 9.0015 
9.32296 
9.68798 
10.0747 
10.5772 
1 1 . 0097 
11.0585 
11.4258 
12.4843 
13.4636 
14.3057 
15.2547 
17.2207 
17.8233 
20.0831 
22.7398 
26.1066 


DA/0»1 

<MH/CYCLE) 

3.02820E-07 
1 . 73892E-07 
5. 19574E-08 
7.54237E-07 
1.06470E-06 
1 .29039E-06 
1.73928E-06 
2.47083E-06 
3.69238E-06 
3.96748E-06 
5.1S686E-06 
6.20858E-'06 
8.58453E-06 
1.2021OE-0S 
1.77843E-05 
3.32838E-05 
3.70207E--05 
6.77416E-05 
1 . 10749E-O4 
2.09S19E-e4 


SC5230.17FR 


2955 


,858 


39.103 


30 . 0363 


2 . 90359E-04 








SPECIMEN N0.» N60-006 
DIMENSION <1NCH>* B 


R-RATIO =8 e 30 
TEST ENUIROJIMENT: AIR 

data file « N60006 
26-JAN-80 


B = .5 
2H = 2.4 
30 HZ. 


U « 2 
A<N> = .7 


GO. NUMBER^ 5232 


OBS. NO. DELTA-N 


304532 

312014 

408764 

572658 

695190 

974400 

2.34265E+06 

1 . 17550E+06 

3.15967E-f06 

1.00000EW 

81791 

106524 

103252 

56715 

37948 

30405 


CRACK LENGTH 
(INCH) 

.24 

.276 

.313 

.352 

.386 

.423 

.452 

.464 

.483 

.493 

.503 

.522 

.544 

.562 

.579 

.597 


P-MAX 

(KIPS) 

2.24306 
2.00317 
1 . 75678 
1.4986 
1 .26879 
1.0688 
.851771 
.739267 
.664241 
.580776 
1.46646 
1 .56737 
1.64918 
1.81078 
1.86868 
1.9824 


.046 

.036 

.037 

.038 

.035 

.036 

.029 

.013 

.019 

.01 

.01 

.02 

.022 

.018 

.017 

.018 


SCS230.17FR 


Air ; R » 0.5 


SFECtMEN HO. : X60-004 
DIMENSION aNCH>> B 

2N 

R-ROTIO = .5 6 30 

TEST ENUIRONMENT^ AIR 
DATA FILE > X60004 
6- JAN-80 


« .5 
» 2.4 
HZ. 


M » 2 
A<N> e .7 


G.O. NUMBER^ 5232 


CO 


NO. 

DELTA-N 

CRACK LENGTH 

P-MAX 

DELTA-A 


<INCH> 

<KIP8) 

(INCH) 

.02 

o o 



1 

222706 

.207 

.903734 

■n 70 

2 

188930 

.228 

.903903 

.02 

si 

3 

316694 

.248 

.781342 

.021 

O y> 
PO r- 

£ 

4 

273143 

.268 

.784195 

.02 

5 

446405 

.289 

.673235 

.021 

6 

378322 

.309 

.675088 

.02 

, pK 

7 

580359 

.33 

.579425 

.021 


8 

535650 

.349 

.57884 

.02 

9 

869591 

.37 

.479059 

.021 


10 

737598 

.39 

.479272 

.02 


11 

1.40224E4O6 

.411 

.387721 

.021 


12 

1 . 33359E+06 

.431 

.386808 

.02 


13 

4.60064E-i'06 

.455 

.31717 

.024 


14 

3.66291E^06 

.478 

.306667 

.023 


15 

6.72723E+06 

.502 

.288409 

.024 

? ■ 

16 

2.37521E+06 

.525 

.293692 

.023 

> ‘ 

17 

2.33132E^06 

.540 

.290772 

.023 

■ r:' 

18 

i.81132E4^e6 

.57 

.289104 

.022 

-S ■ * 

19 

276729 

.587 

.435459 

.017 

■ ■■ 

20 

192164 

4 

.608 

A 

1 

.507267 

.021 



SC5230.17FR 


21 133092 

22 77059 

23 69209 

24 36373 

25 19580 

26 21948 


.629 

.648 

.667 

.689 

.707 

.725 


.566512 
.615275 
.657797 
. 773509 
.851569 
.850032 


.021 

.02 

.019 

.022 

.018 

.018 


Oo 

O 


V 


SPECIMEN NUMBER > X60-004 

DIMENSION <INCH)« B = .5 W « 2 

2H » 2.4 A<N) « .? 
R-RATIO = 5 6 30 HZ. 

TEST ENUIRONMENT* AIR 



DATA FILE ^ 

X60004 

GO. 

NUMBER > 5232 



06S. 

DELTA-f« 

DELTA-A 

A 

DELTA-K 

DA/DN 


NUMBER 


<I»1CH> 

(INCH) 

KSI*SQRT<INCH> 

INCIVCYCLE 


1 

222706 

.02 

.897 

5.309 

9.20047E-08 


2 

188930 

.02 

.918 

5.464 

1.06362E-07 

o c 

3 

316694 

.021 

.938 

4.864 

6.49018E-88 

* • f\* 

tj 

4 

273143 

.02 

.958 

5.029 

7.33242E-08 

X ■* 

5 

446405 

.021 

.978 

4.45 

4.59336E-08 

O 'I - 

•X . - 

6 

378322 

.02 

.999 

4.603 

5.38748E-08 

lO ' i 

7 

580359 V 

.021 

1.019 

4.079 

3.55849E-08 

cr 

> Lr 

8 

535650 

.02 

1.04 

4.207 

3.68953E-08 

C 

9 

869591 

.021 

1.06 

3.598 

2.37457E-08 


10 

737598 

.02 

1.08 

3.723 

2.68a32E-08 


ii 

1.4O224E^06 

.021 

1.101 

3.119 

1.5123OE‘-08 


12 

1 . 33359E+06 

.02 

1.121 

3.225 

1.48426E>08 


13 

4.60064E^06 

.024 

1.143 

2.75 

5.20232E-09 


14 

3.66291E^06 

.023 

1.166 

2.777 

6.33977E-09 


15 

6.72723E+06 

.024 

1.19 

2.731 

3.54588E-09 


16 

2.37521E+06 

.023 

1.213 

2.912 

9.69053E-09 


17 

2.33132E^06 

.023 

1.236 

3.021 

9.8103OE-89 


18 

l.eil32E-»^06 

.022 

1.259 

3.148 

i.22184E-e8 


19 

276729 

.017 

1.279 

4.949 

6.2S882E-08 


20 

192164 

.021 

1.298 

6.016 

1.09482E-e7 




SCS230.17FR 



21 

133092 

.021 

22 

77059 

.02 

23 

69209 

.019 

24 

36373 

.022 

25 

19580 

.018 

26 

21948 

.019 


1.319 

7.047 

1.54292E-*07 

1.339 

8.026 

2.53105E-07 

1.358 

8.993 

2.72927E-07 

1.378 

11.128 

5.91399E-07 

1.398 

12.901 

9.22371E-07 

1.416 

13.526 

8.37251E-07 







SC5230.17FR 



v; 


SC5230.17FR 




SPECIMEN NO. » X60-004 

DIMENSION < METER )• B » .0127 W « .0508 

2H = .06096 NCN) = .01778 
R-RATIO «= .5 e 30 HZ. 

TEST ENUIRONMENT» AIR 



DATA FILE < X60004 G.O. 

NUMBER > 5232 



6- JAN-80 





i . NO . DELTA-N 

CRACK LENGTH 

P-MAX 

DELTA-A 




<MM) 

<NEUT0N8> 

<MM) 


1 

222706 

5.27 

4012.58 

.52 


2 

188930 

5.781 

4013.35 

.51 

o o 

•n 3D 

3 

316694 

6.303 

3469.16 

.522 

4 

273143 

r.811 

3481.83 

.509 

*D O 

5 

446405 

7.332 

2989.16 

.521 

S 

O 'p 

6 

378322 

7.85 

2997 . 39 

.518 

3D r- 

7 

580359 

8.375 

2572.65 

.525 

\ >• 

0 

535650 

8.877 

2570.05 

.502 

> • 

1 

9 

869591 

9.401 

2127.02 

.524 

1 

10 

737598 

9.905 

2127.97 

.504 

11 

1.40224E-(>06 

10.443 

1721.48 

.539 


12 

1 . 33359E+06 

10.946 

1717.43 

.503 


13 

4 . 60064E4-06 

11.554 

1408.23 

.608 


14 

3.66291E4^06 

12.144 

1361.6 

.59 


15 

6.72723E+06 

12.75 

1280.54 

.606 


16 

2.37521E-I^06 

13.334 

1303.99 

.585 


17 

2.33132E^06 

13.915 

1291.03 

.581 


18 

1.81132E'»^06 

14.477 

1283.62 

.562 

Vi. 

19 

276729 

14.917 

1933.44 

.44 


20 

192164 

15.451 

2252.27 

.534 

yf ■ 
* ■ 1 

< ! V 



! 



1. , i 

. > • * *1 

= m ■ 

‘ "li . ■ 


SC5230.17FR 



21 

133092 

IS. 973 

2515.31 

.522 

22 

?7059 

16.468 

2731 . 82 

.495 

23 

69209 

16.948 

2920.62 

.48 

24 

36373 

17.494 

3434.38 

.546 

25 

19580 

17.953 

3780.97 

.459 

26 

21948 

18.42 

3774.14 

.467 


SPECIMEN NUMBER' X60-004 

DIMENSION < METER)' B = .0127 N - .0503 

2H = .06096 mo = .01778 
R-RATIO » .5 S 30 HZ. 

TEST ENUIRONMENT' AIR 



DATA FILE « 

X60004 

G.O. 

HUMBER' 5232 


DBS. 

DELTA-N 

DELTA-A 

A 

DELTA-K 

OA/OH 

NUMBER 


<MM) 

<MM) 

MPA*SQRT< METER) 

< MM/CYCLE) 

1 

222706 

.52 

22.79 

5.82265 

2.33692E-06 

2 

188930 

.51 

23.305 

5 . 99342 

2.7ei60E"O£ 

3 

316694 

.522 

23.822 

5.33447 

1.64851E-06 

4 

273143 

.509 

24.337 

5.51541 

1.86243E-06 

5 

446405 

.521 

24.852 

4 . 88035 

1 . 16671E-06 

6 

378322 

.518 

25.371 

5.0484 

1.36842E-«6 

7 

580359 

.525 

25.692 

4.47335 

9.03855E-07 

8 

535650 

.502 

26.406 

4.61451 

9.37141E-07 

9 

869591 

.524 

26.919 

3.94638 

6.03141E-07 

10 

737598 

.504 

27.433 

4.08312 

6.82832E-07 

11 

1.40224E4^06 

.539 

27.954 

3.4205 

3.84123E-B7 

12 

i.33359E+06 

.503 

28.475 

3 . 53669 

3.77002E-07 

13 

4.60064E^06 

.608 

29.03 

3.0158 

1 .32139E-07 

14 

3.66291E406 

.59 

29.629 

3.04555 

1.61038E-07 

15 

6.72723E^06 

.606 

30.227 

2.99544 

9.006S5E~08 

16 

2.37521E+06 

.585 

30.822 

3.19407 

2.46139E-07 

17 

2.33132E+06 

.581 

31 .405 

3.31307 

2.49182E-07 

18 

1. 8113264^06 

.562 

31.976 

3.45317 

3.10145E-07 

19 

276729 

.44 

32.477 

5.42791 

i.58974E-06 

20 

192164 

.534 

32.964 

6.59876 

2.77880E-06 



CO 

o 

Cn 

CJ 

O 


“H 


ORIGINAL PAGE IS 
OF POOR QUALITY 



21 

133092 

.522 

33.492 

7.72954 

3.91901E-06 

22 

??059 

.495 

34 

8.80281 

6.42887E>06 

23 

69209 

.48 

34 . 488 

9.86351 

6.93234E-06 

24 

36373 

.546 

35.001 

12.2056 

1.50216E-05 

25 

19580 

.459 

35.503 

14.1498 

2.34281E-05 

2-5 

21948 

.467 

35.966 

14.6355 

2.12662E-05 



E-04 


SPECIMEN HO. « N60-004 
P s .5 & 30 HZ 

HIR 


D 


D 

N 


E-06 


M 

M 


C 

Y 

C 

L 

E 


E-07 


E-08 





E-09 


E 00 


-J 1 — 1—1 

DELTH-K 


% 

* 


E 

HP0«SQRT< METER) 



Air; R * 0.8 


38 



mr-o-co I xo2:«-* xo i z>a 


E-05 


E-86 


E-07 


SPECIMEN H0.» X60-006 
R = .8 @ 30 H2 

NIR 



E-08 




E-09 


t 


- 101 — 
E 00 


-i 1 L-t..l I I I 

E 01 

DELTA-K - KSI^SQRKINCH) 


1. I I I I 

E 02 



SCS230.17FR 




SPECIMEN NO. * N60- 

006 





DIMENSION < METER >« 

B = 

.0127 

N = . 

0508 



2H = . 

06096 

If 

<z 

01778 


R-RATIO =8 fi 

30 H2. 





TEST ENUIRONMENT. 

AIR 





DATA FILE > N60006 

GO. 

NUMBER > 5232 


26- JAN-80 





OBS. NO. DELTA -N CRACK LENGTH 

P-MAX 

DELTA-A 



<MM> 


<»'l£l*JTOHS) 

<MM) 

1 

304532 

6.099 


9959.19 

1.172 

2 

312014 

7.012 


8894.07 

.913 

3 

408764 

7.958 


7800.1 

.946 

4 

572658 

8.931 


6653.78 

.973 

5 

695190 

9.812 


5633 . 43 

.88 

6 

974400 

10.733 


4745.47 

.922 

7 

2.34265E+06 

11.47 


3781.86 

.737 

8 

1 . 17550E+06 

11.791 


3282.35 

.321 

9 

3.15967E+06 

12.261 


2949.23 

.47 

10 

1.00000E+07 

12.515 


2578.65 

.254 

11 

81791 

12.769 


6511.08 

.253 

12 

106524 

13.27 


6959.12 

.501 

13 

103252 

13.826 


7322.36 

.556 

14 

56715 

14.272 


8039.86 

.447 

15 

37948 

14.714 


8296.94 

.441 

16 

30405 

15.168 


8801.86 

.454 



SPECIMEN NUMBER « X60-006 
DIMEHSIOi (METER): 8 « .0127 

I. 2H = .06096 

R-RATIO = .8 S 30 HZ 
TEST ENUIR0H1ENT: AIR 
data pile : X60006 G.O. 


M s .0508 
A<H) « .01778 

NUMBER: 5232 


DBS. 

NUMBER 

DELTA-N 

DELTA-A 

<MM) 

1 

304532 

1.172 

2 

312014 

.913 

3 

408764 

.946 

4 

572658 

.973 

5 

695190 

.88 

6 

974400 

.922 

7 

2.34265E^06 

.737 

8 

1 17550E+06 

.321 

9 

3. 15967E+06 

.47 

10 

1.00O00E-*-07 

.254 

11 

81791 

.253 

12 

106524 

.501 

13 

103252 

.556 

14 

56715 

.447 

15 

37948 

.441 

16 

30405 

.454 


A 

(MM) 

23.293 
24.336 
25.265 
26.225 
27.152 
28.052 
28.682 
29.411 
29.806 
30.168 
30.422 
30 . 799 
31.328 
31.829 
32.273 
32.721 


DELTA-k 

MPA*SQRT( METER) 

5.94507 

5.63501 

5.22148 

4.72471 

4.24452 

3.79695 

3.20556 

2.89005 

2.67355 

2.40212 

6.18405 

6.80627 

7.46955 

8.54564 

9.15518 

10.0961 


OA/DN 

(MM/CYCLE) 

3.84705E-06 
2.92600E-06 
2.31491E-06 
1.69914E-06 
1.2662SE-06 
9.45852E-07 
3.14528E-07 
2.72928E-07 
1.48887E-0? 
2.54O01E~08 
3 09709E-06 
*^.70522E-06 
5.38174E-06 
7.87370E-06 
1 . 16337E-05 
1. 49451 E-05 



E-04p 


E-05b 


SPECIMEN m. * X60-006 
R » .8 @ 30 H2 

RIR 


D 

A 


A' 


H E-061 


i£) 

to 


M 
M 

C E-07| 

Y 
C 
L 
E 

E-08t* 


E-09I 
E 00 


j 


E 01 

DELTA-r - MPA*SQRT< METER) 


E 02 


I 

s 

■h . 






SC5230.17FR 



KO 


E-04 


E-05 


D 

1 )^ 


D 

N 



I 

C 

H 

C 

Y 

C 

L 

E 


F-07 



t*-09fc- 


EFFECT OF R-Rf^iTlO OH FCP IH HIR 


* X60004 R= .5 AIR 
0 H60005 R= . 1 AIR 
+ H60006 R= .8 AIR 


30 HZ 
20 HZ 
30 HZ 



•f 


\ 


E-101 — * 1 1 — L.^i i I I I 

E 00 


DELTA-K 


E 

KSI^SORKINCH) 




rnno-co I 



SC5230.17FR 







Hjj R • O.l 


C'L 

9S 




SPECIMEN NO. : 5<60-24 
OIMEMSIOIJ <rNCH>= 6^5 

2H *= 2 4 

R-RNTIO s . 1 e 30 H2 

test ENiJIROUfiEMT: GH2 

data pile = X6024 GO 

c. 23""S 1 



W * 2 
«<N> = ? 

NUMBER^ 5230 


P-MA>C 

<KIPSi 

15 

13 
1 15 
I 05 
95 
.05 
.?5 
. f 25 
.025 
55 
.5 
45 
425 
4 

.375 

.35 

.35 

.33 

31 

-31 


OELTA-A 

CINCH) 

.022 

02 

.018 

026 

033 

.022 

024 

.03 

023 

.035 

.029 

.027 

033 

.025 

.022 

.02 

.023 

.029 

.02 

.021 


I 


SC5230.17FR 



21 

2 50000 E+O 6 

.527 

.3 

.025 

22 

830000 

.548 

.29 

.021 

21 

500000 

.568 

.29 

021 

24 

850000 

.589 

.29 

.02 

25 

? 000 t 30 

.611 

.29 

.023 

26 

270000 

.633 

.29 

022 

27 

300000 

.657 

.29 

.024 

28 

350000 

682 

.29 

.025 

29 

250000 

.715 

.29 

.033 

10 

150000 

.719 

.29 

.024 

31 

100000 

.769 

.29 

03 

32 

50000 

79 

.29 

021 

33 

£0000 

ei3 

.29 

023 

34 

25000 

835 

.29 

.022 

35 

20000 

.855 

29 

.02 

36 

20000 

877 

29 

.022 


SC5230J7FR 



ttt SECr^a METHOD m 


QC 



SPECIMEN NUMBER X60-24 


DIMENSION (INCH> 

B 

= 5 




2H 

* 2 4 


R-ROTIO = 1 

a 

30 

HZ 


TEST ENUIR01t1ENT = 

GH2 



ONTO FILE 

>■6024 


GO 

0B3. 

DELTA-N OELTA-A 


A 

NUMBER 

1 

INCH> 


-CIlCHi 

1 

120000 

022 


.711 

2 

257700 

02 


.732 

3 

590000 

018 


.751 

4 

750000 

026 


.773 

5 

1 5500OE406 

033 


.802 

b 

630000 

022 


83 

1 

800000 

024 


.853 

8 

1 0C<i00E+O6 

03 


.88 

9 

652000 

023 


90? 

10 

1 03000E+06 

.035 


.936 

11 

2 0eeO0E+06 

.029 


.968 

12 

2 680006-^06 

027 


.996 

13 

2 30000E+06 

033 


1.026 

14 

1 . 92000E^06 

025 


1 055 

15 

2 250006^6 

.022 


1 078 

16 

3.98000E-^06 

02 


1 099 

17 

2 66000E^ 

.023 


1 121 

18 

2.50e00E^66 

.629 


1.147 

19 

4 02700E406 

.02 


1.172 

20 

3 030006-^ 

.021 


1.192 


H = 2 


= .7 


NI>ieER 5230 

DELTA-k. 

DA^^DH 

k3iisoRraN*:H > 

IMOiCVa.E 

12 374 

1 8«JCi0E-O7 

11 .015 

7 722l6E-0'r; 

9 937 

3.08475E-OE; 

9 305 

3 466<;7L-eif.; 

8 823 

2.l4l94E-0c= 

8 196 

3.523811: -0& 

7.463 


6 . 454 

2 ^?eO00E-0t 

6.698 

3 58896E-00 

6 148 

3 44660E-Ot 

5 859 

1 430O0E-OE 

5 5 

1.0l492E-0e; 

5 443 

1 l2r74E-08 

5.365 

1 .29688E-08 

5.227 

9.6d0OOE-09 

5.054 

5 02512E-09 

5.247 

8 64662E-09 

5.185 

1 . 17600E-W 

5.101 

3 06581E-09 

5.306 

6.83169E-89 


cn 

ro 

o 



21 

2 500006+06 

025 

1 215 

22 

830000 

.021 

1 237 

23 

500000 

021 

1 258 

24 

850000 

.02 

1 273 

25 

700000 

.023 

1 3 

26 

270000 

022 

1 322 

27 

300000 

024 

1 345 

2o 

350000 

025 

1.369 

29 

250000 

033 

1.398 

30 

150000 

024 

1 427 

31 

iooeeo 

.03 

1 .454 

32 

50000 

021 

1.48 

33 

60000 

.023 

1 561 

34 

25000 

.022 

1 524 

35 

20000 

.02 

1 545 

36 

20600 

022 

1 566 


5 369 
5.434 
5.673 

5 93 
6.221 

6 547 
6.916 
7.348 
7.922 

8 563 

9 258 

9 995 

10 695 

11 511 

12 38 
1.3 355 


9 87999e"ei9 
2.469886-03 
4 100006-08 
2.4il76E-C)8 
3 . 214296 -^ 
8 074076-08 
8 000006-08 
7.114296-08 
1 . 324fJ06-O7 
I 600006-07 

3 050006-07 

4 100006-07 
3 766676 07 
8 88OO<?6-0r 
l.O10iM:i6-e6 
I 100006-06 



mr-n-':r. i xn 


0 

H 

D 


I 





SC5230.17FR 



SPECIMEN NO. . N60-24 



DIMENSION METER >« 

B - 0127 

N 

= 0503 



2N = .06096 

0<N> 

« 01773 


R-RhTIO =1 e 

30 HZ. 




TEST EN01RONMENT= 

GH2 




ONTP FILE X6024 
2-23-81 

GO. 

NUMBER 

5230 

NO delth-h cr(4Ck LEncrn 

P-41HK 

DELTO-h 



< mm:> 

( NEWTONS > <M»1> 

i 

126000 

.549 

6660 

.549 

c 

257700 

1 054 

5772 

505 

3 

590000 

1 516 

5106 

.462 

4 

750000 

2.177 

4662 

66 

tr 

xJ 

1 55000E+06 

3 02 

4218 

.343 

€ 

630000 

3 584 

3774 

564 

? 

dOOTiOO 

4 204 

3330 

62 

S 

1 OO000E^O6 

4 956 

2775 

.752 

o 

652000 

5 55 

2775 

594 

10 

1 03€i0OEni6 

6.452 

2442 

902 

n 

2 0O066E^06 

7 178 

2220 

.726 

12 

2 68006EtOe 

7 869 

1998 

.691 

13 

2 3O000E^06 

8 699 

1067 

.a3i 

14 

1 92000E>06 

9 332 

1776 

632 

15 

2 2500OEfO6 

9.861 

1665 

549 

le 

3 9de00E>0£ 

10.389 

1554 

.506 

17 

2 66600E>06 

10 973 

1554 

.584 

18 

2.seeeeE^06 

11.72 

1465 

2 .747 

19 

4.e270eE4^06 

12.238 

1376 

4 .518 

20 

3 e3eeeE^ 

12.763 

1376 

4 .526 


SC5230.17FR 



21 

2 . bO0OeE+O6 

13 331 

1332 

627 

22 

830000 

13 912 

1287 6 

.521 

23 

SOO000 

14 432 

1287 6 

.521 

24 

850000 

14 953 

128? 6 

.521 

25 

700000 

15 524 

1287 6 

.572 

26 

270000 

16 078 

1287 6 

.554 

27 

300000 

16.688 

1287 6 

.61 

28 

350000 

17 32 

1287 6 

.632 

^3 

250000 

18 161 

1287 6 

.841 

30 

150000 

18 771 

1287 6 

61 

31 

100000 

13 545 

1287 6 

.775 

32 

50000 

20 066 

1287 6 

521 

33 

60000 

20 64 

1287.6 

574 

34 

25000 

21 204 

1287 6 

564 

35 

20000 

21 717 

1287 6 

513 

36 

20600 

22 276 

1^87 6 

559 



ttt SECrta fitTIW ttt 


o 

04 


SPECIMEN NUMBER^ X60-24 

DIMO^SIQN ( METER >= B = .012? W « 0508 

2H = .06096 0CN) * 01778 

R-RrtTIO » 1 6 30 HZ. 

TEST EN'JIR014MEHT= GH2 
DATA PILE >(6024 


OBS 

DELTA-N I3ELTA-A 

IMBER 

<MM> 

1 

12000(i 

549 

2 

257700 

505 

•3 

590000 

462 

4 

750000 

66 

5 

1 55O00E+O6 

843 

6 

630000 

564 


800000 

62 

r-. 

O 

1 0e008E^0€ 

752 

Q 

•• 

652000 

594 

10 

1 030C«0E4^06 

962 

11 

2 0000064^06 

.726 

12 

2.680606466 

691 

13 

2 .300866406 

831 

14 

1 920006406 

632 

15 

2.2506064^06 

549 

16 

3.9800664^06 

.506 

17 

2.666eP064^ 

584 

18 

6 Up 

.747 

19 

4.027006406 

.518 

26 

3.636666466 

.526 


G.O 

HUMBER = 5230 

A 

D6LTA-K 

HM> 

MFAf:SCiRT<^ METERS 

18 054 

13 5718 

13 581 

12 081 

19 065 

10 9538 

19 627 

10.2932 

20 378 

9 68256 

21 082 

8 98916 

21 674 

8 18541 

22.36 

7 07892 

23 033 

7.34649 

23 781 

6 74325 

24 595 

6 42597 

25 303 

6 03258 

26 064 

5.9694 

26 796 

5 88436 

27 386 

5 73295 

27.915 

5 5431 

28 461 

5 75466 

29.126 

5 6871 

29.759 

5.59563 

30 281 

5.81926 


DA /OH 
Uf1/CVCLE> 

4 572O0E '06 

1 96143E-05 

7 83525E-0? 

8 8O533E-07 

5 44051E-07 

8 950 * 176-07 
7 74700E-07 
7 518406-07 

9 115\»5E-07 
8.754.36E-07 
3 63220E-G7 

2 57791E-07 

3 61122E-07 
3.29407E-07 
2.438406-07 
1 .27638E-07 
2.19624E-67 
2.96704E-e7 
1.286726-67 
1.733256-67 


SC5230.17FR 



21 

2 50O0OE+O6 

.627 

30 657 

5.88909 

2 50952E-O7 

22 

830060 

.521 

31.431 

5.96048 

6 273496-07 

23 

500000 

.521 

31.952 

6.22231 

1 04140E-06 

24 

850000 

521 

32.473 

6 50417 

6 12587E-07 

25 

700000 

.572 

33.019 

6.82364 

8 16430E-07 

26 

270000 

.554 

33 581 

7.18123 

2 05082E-06 

27 

300000 

.61 

34.163 

? 58504 

2.G3199E-06 

28 

350000 

.632 

34.784 

8 05953 

1 80703E-06 

29 

250000 

841 

35.521 

8.68919 

3 36296E-06 

30 

150006 

.61 

36 246 

9.39212 

4 06400E 06 

31 

100006 

.775 

36 938 

10 1541 

7 74698E-06 

32 

50000 

.521 

37 586 

10.962? 

1 04140t-05 

33 

60000 

.574 

38 133 

11 7309 

9 56736E-06 

34 

25006 

.564 

38.702 

12.6258 

2 25552E-0*- 

35 

20000 

513 

39 24 

13.5787 

2 56540P-O5 

36 

20000 

.559 

-39 776 

14 6475 

2.79^10Oe-05 


o 


SC5230.17FR 








H2; R • 0.5 


lOh 





SmiMEN NO. = X60-26 
DIMENSION <INCH>^ B «= .5 

2H = 2 4 

R-RhTIO - .5 « 30 H2. 

TEST ENUIROItlENT He' 

DNT^ FILE = X6026 GO 

4-22-81 


W » 2 
A<N; = 7 

NUMBER = 5230 


DBS NO DELTrt-N CRf^^ L^TH 

i Till "H j l.rlrC»y 


DELTBN 

UNCHi 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


303000 
4050<j0 
560000 
500000 
70tiO0O 
765000 
86500€t 
1 22OO0E-»^06 

1 460DOE+O6 

2 OOOOOE^Ob 

3 60000E^O6 

2 soBoeE-^oe 

2.70O00£'^06 

1 240O0E^06 

2 20000E+06 
160006 
305000 
200000 
350000 
500000 


.091 
.117 
144 
. 17 
.197 
.215 
.237 
. 26 
.282 
.305 
.332 
.357 
.377 
.414 
.582 
.604 
.651 
.674 
.699 
.71 


1 5 

625 

13 

026 

11 

027 

1 

026 

.9 

027 

.8 

019 

725 

.021 

.65 

023 

6 

022 

.55 

024 

.5 

027 

.475 

.0i^ 

.45 

.02 

.8 

.036 

7 

.169 

.55 

.022 

.55 

.047 

.45 

.023 

.35 

.025 

.3 

.012 


SC5230.17FR 


21 

22 

23 


1 SO0OeE'»^O6 
598000 

2 50000E+O6 


.083 

.033 

.125 


.793 

.828 

.951 


25 

.2 

15 



**♦; SECAHT METHOD 


SPECIMEN I4UMBER: J<60-ii6 



DIMENSION <INCH>= 

B 

« .5 

W “ 2 




2H 

= 2 4 

A<N> = .7 



R-RATIO =5 e 

30 

HZ 




TEST E1RHR0NMENT = 

N2 





data file : >^6026 


GO 

NUMBER 5230 


OBS 

OELTA-N DELTA-A 


A 

DELTA-k 

DAxDH 

NUMBER 

(INCH) 


< INCH) 

PSI^SORTUMCH > 

INCN'CYCLE 

1 

303000 025 


.779 

7.565 

8 2291 4E -08 

2 

405000 . 026 


.804 

6 727 

6.46477E-08 

3 

560000 027 


.83 

5 896 

4 . 7 3268E -06 

4 

500000 02b 


.857 

5.553 

5 19400E-OA 

5 

700000 027 


.883 

5.184 

3 87k>j»5E -06 

e 

765000 019 


.906 

4.758 

2.426l4E-f«6 

7 

865000 021 


.926 

4.436 

2 4S197E-08 

s 

1 22000E+O6 023 


.948 

4 109 

1 92385E-C<6 

9 

1 46000E+06 .022 


.971 

3 922 

1 477i:iE-^j8 

10 

2 0O000E+06 .024 


994 

3.72 

1 i?5S0E-O6; 

11 

3 6O00OE+O6 .027 


1.019 

3.516 

7 46445E-09 

12 

2 50000E+06 025 


1 045 

3.481 

9 99399E-09 

13 

2 70000E+06 .02 


1.067 

3.422 

7 52371E-09 

14 

1 24000E+06 .036 


1 096 

6.382 

2.94e7-3E-06; 

15 

2 20000E+06 .169 


1 198 

6.735 

7 66082E-08 

16 

160000 022 


1.293 

6.459 

1.36425E-07 

17 

365000 . 047 


1 328 

6.988 

1 52580E-O7 

18 

206000 .023 


1.362 

6 22 

1 . 13645E-0? 

19 

3S0000 .025 


1.386 

5.142 

7.13a38E-08 

20 

500000 .012 


1.404 

4.627 

2.3708eE-^ 


t/> 

0 

01 
ro 

CO 

o 


"n 

po 



rouf 


1 . 5€:«000E+06 
93006 
50O00E+06 


.083 

.033 

.125 


1 452 
1.509 
1.588 


4.4 

4.207 

4 174 


5 50067E -08 
5.51394E-08 
4 99292E-0S 



mr-o-c-.n 


D 


D 

n 


I 

H 

r 

H 



OELTA-K - KSI»8QRT<IKa^> 
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SPECIMEN NO. ^ X60-26 
DIMENSION <METER)= B « .01^7 

2H *= 06096 

R-PATIO =5 « 30 H2 

TEST ENC‘IR0»^t1EHT= H2 
CirtT^i FILE X6026 0.0 

4-22-81 


N * .0508 
Ai'N> = 01778 


NUMBER 5230 


Ni3. 

OELTP-N 

CRACK LENGTH 
<MM> 

1 

303000 

2 311 

c. 

4O5CiO0 

2 976 

3 

560000 

3 649 

4 

500i3O0 

4 309 

5 

700000 

4 997 

6 

765000 

5 . 468 

7 

865000 

6 014 

8 

1 2200GE+06 

6.61 

9 

1 . 46G00E-»-06 

7 158 

10 

2 0000OE+06 

7.755 

11 

3.6000C€+O6 

8 438 

12 

2 50O00E+06 

9 072 

13 

• 2.70e00E+O6 

9 568 

14 

15 

i.24000E+e6 

2.20000E-^06 

10 514 
14 795 

16 

160000 

*5.35 

17 

305000 

IS. 532 

18 

200000 

17.109 

19 

OiJOWClU 

17 743 

20 

500000 

18.044 


p-m: 

DELTrt-rt 

O«EWT0NS> 

CMM> 

6660 

.633 

5772 

.665 

4884 

673 

4440 

66 

3996 

. 688 

3552 

471 

3219 

.545 

2886 

596 

2»564 

.54.9 

2442 

597 

2220 

.683 

2109 

.635 

1998 

516 

3552 

926 

3108 

4 281 

2442 

.554 

2442 

1.182 

1996 

.577 

1554 

.634 

1332 

.301 


SC5230.17FR 


roro 

ojro 


21 1 50O00E+O6 20 14 

538000 20 3?? 

2 50000E+06 24148 


1110 

888 

666 


2 036 
.837 

3 171 


SC5230.17FR 


riT 


■ut SEChMT ►iethod tu 


SPeCIMEH HUMBER ^ X60-26 
DIMENSIO»4 < METER B = 6127 

2H - .06096 


R-Rf»TI0 = .5 0 30 H2. 

TEST EHiaRCM^tlENT: H2 



DHT8 FILE * 

X6026 

GO 

OBS. 

DELTft-M DELTrt-fl 

0 

IM6ER 


<MM> 

1 

303000 

633 

19 774 

2 

405000 

665 

20 424 

3 

560000 

673 

21 093 

4 

500000 

66 

21 759 

5 

700000 

688 

22 433 

6 

765000 

471 

23 013 

7 

865000 

545 

23 521 

8 

1 220OOE^06 

.596 

24 092 

9 

1 . 46000E'»^O6 

.548 

24 664 

10 

2.0O00OE<^06 

597 

25 236 

11 

3.66e00£^06 

.683 

25 876 

12 

2 50000E^O6 

635 

26 535 

13 

2.70000£^O6 

.516 

27 11 

14 

1 . 24000E^e6 

926 

27 831 

15 

2 200006^06 

4 281 

30 435 

16 

160000 

554 

32 852 

17 


1.182 

33.721 

18 

200000 

.577 

34 6 

19 

OOCKKW 

.634 

35 206 

20 

500000 

.301 

35.673 


H > 0506 

0<N> = .01778 


HUMBER^ 5230 


DELT0-4 


MP^^TSQRTaiETER 

<MM/CYCLE > 

8.2317 

2.O902OE-0f; 

? 37633 

1 .e4205E“O6 

6 46646 

1 .2021OE-06 

6 09109 

1 31928E- 06 

5 68583 

9 629e0E~0:^ 

5 21837 

6 16240E-07 

4 . 86595 

6 3O419E-07 

4 5071 1 

4.8({65eE-Ct7 

4 30141 

3 752;J7E-07 

4 0796? 

2 98653E- or 

3.85637 

1 89597E- or 

3 81707 

2.5334BE-07 

3 75336 

1 91102E-O? 

6.99936 

7.46944E-0r 

7 307 

1 .945&5E-06 

7 0343 

3.46519E-06 

7 . 6649 

3-87554E-06 

6.82261 

2.86658E-06 

5.63933 

1.81110E-06 

5.07473 

6.02180E-^7 


SC520.17FR 



1 . 5eeooE^06 

2.096 

36 872 

4.82621 

1.39717E-Q6 

^:2 

5?800e 

.837 

38.338 

4 61374 

1.40031E-06 

23 

2 seaeoE-t^ee 

3 171 

40 342 

4.57783 

1 26820E-06 


CO 

o 

tn 

ro 

CJ 

o 








H2; R 


0.8 


117 



SPECIMEN HO ^ X60- 

-23 




DIMENSION aNrH > = 

B « .5 

W = 

2 



2H =» 2.4 

A<M> *= 

7 


R-PHTIO * 8 e 

30 H2 




TEST ENUIP*>IMEMT 

HYDROGEN 




DHTH FILE X6023 
12-22-80 

GO 

IPJMBER^ 

5230 

OBS Her DELT^<“H CPW:K. LENGTH 

P-MOX 

DELTH-H 



<INCH» 

^K1PS.> 

• INCtli 

1 

900000 

.086 

4 5 

043 


475000 

.155 

4 1 

049 

7 

420000 

179 

3 5 

044 

4 

46500^3 

.217 

3 15 

.038 

5 

600000 

.25 

2.825 

033 

6 

7DO0C^O 

29 

2 54 

04 

1 

950000 

334 

2 3 

044 

8 

90G»O0?^i 

375 

2 

041 

9 

1 39000E Mj6 

.421 

17 

046 

10 

2.380tjOE-^O6 

.441 

1.45 

02 

11 

800000 

.462 

1 3 

.02 

12 

790000 

.482 

1 17 

02 

13 

* 2.a7500E*^O6 

.502 

1 025 

021 

14 

1 30OOOE+06 

523 

.975 

.021 

15 

2 i2O00E+06 

.552 

88 

039 

16 

2 56500E+05 

.573 

.62 

021 

17 

3 8760eE-^06 

.593 

.74 

.02 

18 

4.30e9OE^e6 

.62 

.7 

.027 

19 

1.08430E^06 

.642 

.665 

.022 

20 

1 98260E-f66 

658 

62 

.016 



119 



2 . 9000OE+O6 

.675 

22 

1 79060E^^06 

.694 

23 

3 Dee00E4^06 

.718 

24 

2 80200E+G6 

739 

25 

6 220OOE+06 

.76 

26 

800000 

778 

27 

2 . O5000E+O6 

.799 

28 

1 3500OE+06 

318 


i 00000E+06 

.838 

38 

1 . 0000OE^O6 

863 

31 

500G0C* 

884 

32 

465000 

.905 

33 

450000 

.926 

34 

345000 

.947 

35 

350000 

.97 

36 

35O0i30 

998 

3? 

350000 

1 039 

38 

120000 

1 061 

39 

10000£l 

1 C^3 

40 

100000 

1 108 


58 

.017 

.54 

.019 

5 

.024 

46 

021 

42 

.021 

42 

.019 

42 

.02 

42 

.02 

42 

.019 

42 

.625 

42 

.021 

42 

021 

42 

021 

4;? 

022 

42 

023 

42 

023 

42 

041 

42 

.022 

42 

.022 

42 

.025 


SC5230.17FR 



41 

70000 

1 129 

.42 

.021 

4 c - 

40000 

1.152 

.42 

022 

43 

40000 

1 176 

.42 

025 

44 

35000 

1.199 

42 

.022 

45 

25000 

1.242 

42 

044 



SC5230.17FR 


60-aV£896 ^ 

80-'^e^o^e ^ 

60-3EI«fr£ 9 

6e-3£S66e s 

60-3?8T3l 8 
80-3eCl»CE I 
88-388^ I 

&h~3si9^9e e 
80-3^€«H: 2 
(XhBU&lZ^ Z 
e8-9S6£^C 8 
38-36t^ t 
8»3' 3685Hi 
G!»3"3Stt'S9 
SO-mSi'U S 
e»J-3809i.S G 
943-^•^t»9»3^* 8 
J0-3?:69t0 T 
2O-38OZI»0 I 

TljAVHOMI 


fie£ c 

*!0ir E 
98E £ 

C6E C 
88S £ 
l»?9 £ 

298 £ 

6€S t 
Be P 
BQ P 
£26 P 
.iPP Q 
96 S 
1^06 9 
2£9 9 
66 9 

c:©^ 

Oic ^ 

8GG 8 
68 8 

ami I 

1-81130 


0£2G H39MfW1 


I = (N>8 

2 * ri 


S£ I 
%t£ I 
98£ I 
£82 I 
292 1 
2£2 I 
£12 I 
261 I 
2ZT I 
2sri 
iirt 
86»1 1 
GSO I 
2T0 I 

pr.e 

868’ 

ZG8’ 

18' 

692* 

<H3m> 


0 9 tc09X = 3113 81H<3 

N390>«AH ir^3Mr«yiriH3 1S31 
2H 0£ S 8 * 01183->J 

6 2 = HZ 

s * a ' HOfa) tioi8H3^jia 

E2-09X '33814011 N3W133d8 


910 90^309286 I 02 

220 90>30£688 I 61 

220 90^30600£ 6 81 

20 90^300829 E 21 

120 9O+300G8G 2 91 

620 90^3000212 *:Sl 

120 90^300O0£ f 61 

120 90^300620 2 El 

20 000062 21 

20 000008 II 

20 9e>300O8£ 2 01 

960 90+300061 1 6 


160 

000006 

8 

660 

uO0»3S6 

t 

0 

60 

000002 

9 

110 

000009 

G 

810 

O00G96 

6 

660 

000026 

£ 

660 

000G26 

2 

160 

0O0OCJ 

1 

tHinn 

8-8X130 

N-0X13O 

H30UnH 

sao 


00H13W itl833S tt* 



^1 

2 900OOE4-06 

.017 

^2 

1 79060^4^06 

019 

£3 

3 0OOO0E+06 

024 

24 

2 8O200E:406 

.021 

25 

6 22O00E+O6 

021 

26 

800000 

019 

27 

2 050G0E406 

.02 

28 

i 35000E+06 

02 

29 

1 00O00E+G6 

019 

30 

1 O0000E4^06 

.025 

31 

500000 

021 

32 

465000 

021 

33 

450000 

021 

34 

345000 

022 

35 

350000 

023 

36 

350000 

028 

37 

3500GI0 

041 

38 

120000 

022 

39 

160000 

022 

40 

160000 

025 
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41 

?0000 

.021 

1.819 

16 32? 

3 01429E-0? 4 

42 

40000 

.022 

1 84 

20.469 

5 59998E-07 1 

43 

40006 

025 

1 864 

26 123 

6 18002E-07 i 

44 

35000 

.022 

i 887 

34.856 

6 3657 IE -07 4 

45 

25tX4»3 

044 

1 92 

50 943 

1 74830E-O6 t 



rrir*o->;o 
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SPECIMEM NO. = X60-23 

DltlEHSIOH (METER) B - 0127 U = 6508 

2H * .06096 #yH> = 01778 

R-RrtTIO = .3 e 30 HZ 
TEST EMl.‘IR«tiENT: HYDROGEN 

DHTN FILE = X6023 GO NUMBER = 5230 

12-22-30 


S NO 

DELTN-N 

CRACK LENGTH 
(MM) 

p-max 

(HEllTOMS) 

DEI-TA-H 

<m) 

1 

900000 

2 176 

19980 

1 C«!9 

2 

475000 

3 434 

18204 

1 257 

3 

420000 

4 54 

15540 

1 106 

4 

4650013 

5 509 

13986 

969 

5 

600000 

6 353 

12543 

844 

6 

70000P 

7 371 

11277 6 

1 018 

7 

95(t000 

8.494 

10212 

1 . 123 

3 

90O(»0O 

9.533 

8880 

1 039 

Cl 

1 . 390G0E^06 

10 694 

7548 

1 161 

io 

2.380006^06 

11 213 

6438 

516 

11 

300000 

11 727 

5772 

.514 

12 

790000 

12 238 

5194 8 

511 

13 

2.075006^^06 

12 763 

4551 

.525 

14 

1 . 3O0e0£4^06 

13 286 

4329 

523 

15 

2 126€i0E^06 

14 016 

3907.2 

.729 

16 

2 585eeE>06 

14.553 

3640.8 

537 

17 

3 d78ee£>06 

15.055 

3285 6 

.562 

id 

4.300906^06 

15 749 

3100 

.694 

19 

1 08430E>06 

16 305 

2952.6 

.556 

20 

1.9826OE>06 

16.706 

2752.0 

.401 


SC5230.17FR 



21 

2 9eO0OE4^D6 

17.144 

22 

1 79060E+O6 

17.619 

23 

3 ee00OE+O6 

18 24 

24 

2 8ri200E+O6 

10 776 

25 

6 2200OE+06 

19.299 

2b 

800000 

19 773 

27 

2 0500OE+06 

20.283 

23 

1 35000E+06 

20 79 

29 

1 0000GE4^06 

21.279 

30 

1 0000OE4^06 

21 908 

31 

500000 

22.451 

32 

465000 

22 981 

33 

450000 

23.519 

34 

345000 

24 066 

35 

350000 

24.642 

36 

350000 

25.356 

37 

350000 

26 . 39 

3S 

120000 

26.941 

3-5 

100000 

27.503 

40 

100000 

28 143 


2575 2 

438 

2397 6 

.475 

2220 

62 

2042.4 

.536 

1864 8 

.523 

1864.8 

473 

1864.6 

.515 

1864.8 

.502 

1864 8 

.489 

1864 6 

.629 

1864 8 

.542 

1864 8 

.53 

1864.0 

.538 

1864 3 

547 

1864 8 

.576 

1864.8 

713 

1064.8 

1 034 

1864. 8 

. 552 

1864 8 

.562 

1864 8 

641 


SC5230.17FR 



41 

?0eee 

28 673 

1064 8 

.536 

42 

40oee 

29 248 

1864 8 

.569 

43 

49000 

29 376 

1664 8 

628 

44 

35000 

30 442 

1864.6 

566 

45 

25000 

31 553 

1864.8 

111 



■ut SECrtNT METHOD tU 



SFECIMEN MJMBER= X60-23 




DIMENSION < METER >= 

B = 0127 

W « 0508 




2H * .06096 

A<N> = 01778 



R-RhTIO - .8 e 

30 H2. 




TEST EHtllROl^HT^ 

HYDROGEN 




DHTA FILE = X6023 

GO. 

NUMBER = 5230 


DBS 

DELTh-N C€LTh-A 

A 

OELTA-K 

DA DN 

mJMBER 

CMM) 

(MMj 

MPAtSCiRKMETET') 

^f-W/CYCLE ) 

1 

900000 1 089 

19 412 

9 69548 

1 2lO:^-06 

'> 

475000 1 257 

20.585 

9 38694 

2 64688E'-06 

3 

420000 1 106 

21 767 

8 53104 

2.633E^E-06 

4 

465000 . 969 

22.805 

8 12455 

2 08444E-06 

5 

600000 844 

23 711 

7 66632 

1 4061 4E 06 

6 

700000 1.018 

24 642 

7 27427 

1 .4541 5E -06 

7 

950000 1 123 

25 712 

7 024^5 

1 l8236Eei6 

3 

900000 1 039 

26 794 

6 53728 

1 15466E 0t^; 

9 

1.39000E+06 1 161 

27.894 

5 97458 

8 35276E-07 

!0 

2.38O00E+06 .518 

28 733 

5.4 

2 17778E-07 

U 

800000 .514 

29 25 

5 02313 

6 42374E-07 

IZ 

790000 .511 

29 762 

4.69336 

6 . 46639E- 07 

13 

2 .0750OE^06 . 525 

30.28 

4 27575 

2 53228E-07 

14 

1.3O0eeE^06 .523 

30.805 

4 23569 

4.O2.355E-07 

15 

2.12000E^06 .729 

31 431 

4 01921 

3 44051E-07 

i€ 

2.58500E+O6 537 

32 064 

3 94688 

2.07ei8E-07 

17 

3 d76eeE^06 502 

32.564 

3.72394 

1.29528E-07 

18 

4 3609eE>e6 .694 

33.182 

3 71414 

1.61268E-07 

19 

1 08430Ei^e6 .556 

33.807 

3.73698 

5 13130E-07 

2e 

1.9826eE-(^ .401 

34.286 

3.64639 

2.02396E-07 


SC5230.17FR 



I J 


21 

2 90O0e£406 

.433 

34 705 

22 

1 79060E406 

.475 

35 162 

23 

3 00000E^06 

.62 

35 709 

24 

2 8O2O0E4O6 

.536 

36 238 

25 

6 220O0E+O6 

523 

36 817 

26 

800000 

473 

37 316 

C.% 

2 050O0E+O6 

.515 

37 81 

2S 

1 35000E>06 

.502 

30 319 

29 

1 000OOE406 

.489 

38 814 

30 

1.000006406 

.629 

39 374 

31 

500600 

542 

39.959 

32 

465000 

53 

40 496 

33 

450000 

533 

41 03 

34 

345000 

547 

41 573 

35 

350000 

.576 

42 134 

36 

350000 

713 

42 779 

37 

350000 

1 034 

43 653 

38 

120600 

552 

44 445 

39 

100600 

562 

45 002 

40 

100000 

641 

45 6433 


3 55407 
3.46453 
3 39605 
3 32596 
3 22302 
3 41565 

3 6263 
3.86568 

4 12453 
4 45178 

4 84169 
5.24909 

5 7126 

6 25413 

6 9067 4 

7 60165 
9 3487 

1 1 2311 

12 9496 
15 3365 


1 509636-0? 
2.65348E-07 

2 06765E-07 
1 91416E-07 
8 41058E-06; 
5.91819E-67 
2.51225E-a? 
3.72006E-07 
4 39153E-07 
6.29490e-G? 

1 03432E-06 
1 l4071E-0t 
1 l:*6!?E-06 
1 584746-06 

1 64643E-06 

2 03802E ii6 
2-95446E;'»36 

4 59736E f»€ 

5 61594E-f)6 

6 40582E-06 4 


t/> 

o 

C/Y 

ro 

Ca> 

o 


•n 



41 

?0O00 

536 

46 191 

18 4563 

7 65632E-06 * 

42 

40000 

.569 

46. ‘r*44 

22.4502 

1.42239E-05 t 

4i 

40060 

.628 

47 342 

28 6517 

1 56972E-05 ♦ 

44 

35000 

.566 

47 939 

38.2306 

1 61689E-05 

4S 

25000 

111 

48 777 

64.6496 

4 44195E-05 1 


cn 

Cl 

cn 

rvj 

CJ 

o 


*n 

30 



fnr"rxr"* i 32 < x>cj 


E-03 


E-04 


E-65 


E~06 


E-or 


E-C»8 


: SPECIMEN NO = X60-23 

SECi^NT METHOD 
R = 8 e 30 HZ 

, H'lDROGEN 




♦ 


» 


t * 


* 


E-0?«— 
E 00 


OEITA-K 


E 01 

MPA»SQRT<M£TEI?> 


E 02 




